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Report No. P-23 

A PRELIMINARY EVALUATION OF THE APPLICABILITY 

OF SURFACE SAMPLING TO WRS EXPLORATION 

ABSTRACT 

Th i s  r e p o r t  p re sen t s  a pre l iminary  e v a l u a t i o n  of t h e  

a p p l i c a b i l i t y  of surface sampling t o  t h e  t o t a l  e x p l o r a t i o n  o f  

Mars. The primary purposes were t o  i d e n t i f y  t h e  value of s a m -  

p l i n g  as a n  i n v e s t i g a t i o n  technique, t o  d e f i n e  t h e  c o n s t r a i n t s  

imposed upon sampling by t h e  o b j e c t i v e s ,  and t o  assess t h e  va lue  

of samples from a s i n g l e  landing s i t e .  
, -  

The o v e r a l l  conclusions of  t h i s  r e p o r t  are t h e  

fo l lowing  : 

Sampling, i n  general ,  i s  a v a l u a b l e  i n v e s t i g a t i n g  
technique f g r  obtaining informat ion  f o r  t h e  accom- 
plishment of cer ta in  e x p l o r a t i o n  o b j e c t i v e s ;  
The d i s c i p l i n e s  most dependent on sampling as an  
exp lo ra t ion  technique are geology and biology;  
Samples a t  a s i n g l e  s i t e  on t h e  Mart ian s u r f a c e  app ly  
t o  t h e  ma jo r i ty  of o b j e c t i v e s ,  b u t  on ly  t o  a very  
l i m i t e d  e x t e n t ;  
Samples a t  a s i n g l e  s i t e  w i l l  p rovide  much more 
information w i t h  regard t o  c h a r a c t e r i z i n g  t h e  g e n e r a l  
n a t u r e  of t h e  Martian s u r f a c e  than  i n  determining 
s p e c i f i c  p r o p e r t i e s  of  Mars. 
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A PRELIMINARY EVALUATION OF THE APPLECABILPTY 
OF SURFACE SAMPLING TO MARS EXP1,ORATIQN 

SUMMARY 

This  r e p o r t  p r e s e n t s  a pre l iminary  e v a l u a t i o n  of t h e  

a p p l i c a b i l i t y  of surface sampling t o  t h e  t o t a l  e x p l o r a t i o n  of 

Mars. The primary purposes were t o  i d e n t i f y  t h e  va lue  of sam- 

p l i n g  as an  i n v e s t i g a t i o n  technique, t o  d e f i n e  t h e  c o n s t r a i n t s  

imposed upon sampling by t h e  o b j e c t i v e s ,  and t o  assess t h e  va lue  

of samples from a s f n g l e  landing s i t e .  Sampling, as used i n  t h i s  

s tudy ,  i s  def ined  as t h e  process of ob ta in ing  samples o f  t h e  

Martian s u r f a c e  o r  near -sur face  rocks  o r  rock  materials a t  

several surface si tes. .  A s a m p l e  i s  cons idered  as one o r  more 

specimens of material  taken at a s i n g l e  s u r f a c e  s i t e  on t h e  

M a r t i a n  surface, The p resen t  s t a t e  of  t h e  a r t  of  s u r f a c e  s a m -  

p l i n g  as a p p l i e d  t o  p l a n e t a r y  bodies  i s  r a t h e r  p r i m i t i v e ,  espec i -  

a l l y  when cons ider ing  unnanned automated systems.. Consequently, 

w e  have no t  a t tempted t o  d e t e r m h e  whether or n o t  t he  samples 

should be r e tu rned  t o  Ear th  fo r  ana lys i s . .  

There i s ,  a t  p r e s e n t ,  a l ack  of knowledge of even the  

g e n e r a l  c r u s t a l  n a t u r e  o f  Mars. A f a i r l y  e x t e n s i v e  l i t e r a t u r e  

s e a r c h  f o r  surface models of  Mars w a s  made du r ing  t h e  i n i t i a l  

phase of  t h i s  s tudy .  

s cop ic  and v i s u a l  t e l e s c o p i c  observa t ions ,  wh i l e  o t h e r s  were 

based s o l e l y  on Ea r th  cons ide ra t ions  ( i + e . ,  minera l  types and 

t h e i r  abundances).  

Many of t h e  models w e r e  based on spec t ro-  

The su r face  models w e r e  used i n  conjunct ion  
I I T  R E S E A R C H  I N S T I T U T E  
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with  t h e  Martian exp lo ra t ion  ob jec t ives  s t a t d d  by the  Space 

Science Board, as t h e  b a s i s  f o r  t h e  o v e r a l l  s c i e n t i f i c  objec- 

t ives  f o r  Mars. These o b j e c t i v e s  w e r e  considered i n  f ive cate- 

g o r i e s :  Record of L i f e ,  Physical  Cons t i t u t ion ,  Active Processes ,  

Chemical Composition, and His tory  of  Events i n  M a r t i a n  Rocks. 

The o b j e c t i v e s  were each broken down i n t o  "at t r ibutes"  which 

i d e n t i f y  t h e  p r o p e r t i e s  of t h e  p l a n e t  and which must be 

measured i n  o r d e r  t o  s a t i s f y  the o b j e c t i v e s .  A t o t a l  of 110 

a t t r i b u t e s  were developed. The measurement techniques which 

could be a p p l i e d  t o  each of t h e  a t t r i b u t e s  were i d e n t i f i e d  and 

inc luded  su r face  sampling, remote  sens ing ,  photographic mapping, 

topographic  mapping, s u r f a c e  geophysical sens ing ,  atmospheric 

sampling, and surface geologica l  mapping. The u s e f u l n e s s  of  

sampling w a s  then eva lua ted  i n  view of a l l  t h e  a p p l i c a b l e  tech-  

niques f o r  

The 

fol lowing:  

(1) 

(4  1 

a l l  of t h e  o b j e c t i v e s  and a t t r i b u t e s .  

f o u r  major conclusions of t h i s  r e p o r t  are t h e  

Sampling, i n  genera l ,  i s  a va luab le  i n v e s t i g a t i n g  
technique f o r  ob ta in ing  information f o r  t h e  accom- 
plishment of cer ta in  e x p l o r a t i o n  o b j e c t i v e s ;  
The d i s c i p l i n e s  most dependent on sampling as a n  
e x p l o r a t i o n  technique are geology and b io logy;  
Samples  a t  a s i n g l e  s i t e  on t h e  Mart ian s u r f a c e  apply  
t o  t h e  m a j o r i t y  of o b j e c t i v e s ,  b u t  on ly  t o  a very  
l i m i t e d  e x t e n t ;  
Samples a t  a s i n g l e  s i t e  w i l l  p rovide  much more 
information w i t h  regard t o  c h a r a c t e r i z i n g  t h e  g e n e r a l  
na tu re  o f  t h e  Martian surface than  i n  determining 
s p e c i f i c  p r o p e r t i e s  of  Mars. 
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In order for sampling to be of maximum value when used 

as an exploration technique, sampling must be carried out in 

such a manner as to provide samples adequate, both in number 

and type, for understanding the overall nature of  Mars. However, 

due to the remoteness of the planet and the inherent problems 

in obtaining proper samples, especially with unmanned automated 

systems, it will be difficult t o  investigate certain problems 

by samples alone. For example, in the investigation of structural 

features, such as folds and faults, by sampling, it is essential 

that samples be obtained at certain locations with respect to 

the feature under investigation and the the orientation of key 

samples be known to within a few degrees. Other investigating 

techniques, both orbital and surface, are in some cases much 

more applicable to investigating certain properties of the sur- 

face and subsurface than is sampling. This can come about as 

a result of either the difficulty of obtaining certain types of 

samples or because other techniques may be much more expedient 

for obtaining the desired information. 

The average values of surface sampling for the accom- 

plishment of the exploration objectives are shown in the 

summary table which follows. These values were taken as averages 

from the values presented in Table 9 .  All the objectives, regard- 

less of whether or not sampling is applicable, are represented 

in the summary table. 
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Report No. P-23 

A PRELIMINARY EVALUATION OF THE APPLICABILITY 
OF SURFACE SAMPLING TO MARS EXPLORATION 

1. IhTRO DUCT ION 

A wide range of investigation techniques will be util- 

ized in the scientific exploration of the solar system. The 

technique which will probably place the most extensive demands 

on spacecraft subsystems and their advanced technological 

development is sampling. 

be the subsequent analysis of sampled material be it in situ, 

in a space laboratory, or back in an Earth laboratory. The 

purpose of this study is (1) to define the scientific value 

of surface and subsurface sampling as a technique in the ex- 

ploration of the planet Mars, ( 2 )  to define the constraints 

that the scientific objectives impose on sampling and sampling 

missions, and ( 3 )  to assess the comparative value of  a single 

surface sample in accomplishing the scientific objectives of 

exploration. 

Almost equally demanding,however,will 

-- 

Sampling,as used in this study,is defined as the process 

of obtaining samples of the Martian surface or near-surface 

rocks or rock materials at several surface sites. A sample is 
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considered as one o r  more specimens of m a t e r i a l  taken a t  a 

s i n g l e  su r face  s i t e  on t h e  Martian s u r f a c e ,  

One of t h e  key problems i n  planning f o r  t h e  exp lo ra t ion  

of  any p l ane ta ry  body i s  t o  assess  t h e  r e l a t i v e  va lue  of t h e  

va r ious  i n v e s t i g a t i v e  techniques which can poss ib ly  be u t i l i z e d  

dur ing  an exp lo ra t ion  program. Seven d i f f e r e n t  t y p e s  of tech-  

niques which are app l i cab le  t o  p l ane ta ry  exp lo ra t ion  have been 

considered i n  t h i s  s tudy .  They a re :  s u r f a c e  m a t e r i a l  sampling,, 

remote sens ing ,  photographic mapping, topographic mapping, su r -  

f a c e  geophysical sens ing ,  atmospheric sampling, and su r face  geo- 

l o g i c a l  mapping. It  seems r a t h e r  obvious t h a t  s i n c e  no s i n g l e  

e x p l o r a t i o n  technique i s  adequate f o r  t h e  t o t a l  exp lo ra t ion  of 

a p l a n e t ,  t h a t  a combination of techniques w i l l  be e s s e n t i a l .  

However, s i n c e  t h i s  s tudy is pr imar i ly  concerned with t h e  va lue  

of s u r f a c e  sampling t o  t h e  t o t a l  exp lo ra t ion  of Mars, only sam- 

p l i n g  i s  t r e a t e d  here  Ln any depth.  The c t h c r  Zechniques a r e  

d iscussed  only  t o  t h e  e x t e n t  required t o  show t h e i r  r e l a t i v e  

a p p l i c a b i l i t y  t o  t h e  ob jec t ives .  

The p resen t  s t a t e  of the a r t  of s u r f a c e  sampling a s  

app l i ed  t o  p l ane ta ry  bodies i s  r a t h e r  p r i m i t i v e ,  e s p e c i a l l y  

when cons ider ing  unmanned automated systems. Consequently, we 

have no t  attempted t:, determine whether t he  samples should be 

re turned  t o  Ear th  f o r  a n a l y s i s  o r  n o t .  For t h e  purpose of t h i s  

s tudy,  i t  is  assumed t h a t  a n a l y t i c a l  techniques w i l l  be a v a i l -  

a b l e  f o r  e x t r a c t i n g  the  required information from t h e  samples. 

I I T  R E S E A R C H  I N S T I T U T E  
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The major problem i n  the s tudy has been t h e  l a c k  of 

knowledge of even t h e  genera l  c r u s t a l  n a t u r e  of  Mars. 4 f s i r l y  

ex tens ive  l i t e r a t u r e  search  for  s u r f a c e  models of Mars was made 

dur ing  t h e  i n i t i a l  phase of t h i s  s tudy .  Many of t h e  models 

w e r e  based on spec t roscopic  and v i s u a l  t e l e s c o p i c  obse rva t ions ,  

whi le  o t h e r s  were based s o l e l y  on Ea r th  cons ide ra t ions  ( i . e . ,  

minera l  t y p e s  and t h e i r  abundances) . Various i n v e s t i g a t o r s  

have t r e a t e d  t h e  problem of poss ib le  su r face  cond i t ions  of 

Mars. Those hypothesized sur face  condi t ions  which were con- 

s i d e r e d  p e r t i n e n t  t o  t h i s  study a r e  presented i n  Sec t ion  2 .  

An eva lua t ion  o f  su r f ace  m a t e r i a l  sampling a s  an explor-.  

a t i o n  technique was undertaken by  consider ing t h e  Mars explora-  

t i o n  o b j e c t i v e s ,  t he  o b j e c t i v e  r e l a t e d  a t t r ibu tes?k ,  t h e  tech-  

n iques  requi red  t o  measure t h e  a t t r i b u t e s ,  and t h e  va lue  of  

sampling t o  ind iv idua l  a t t r i b u t e s  a This information i s  presented 

i n  Sec t ion  3 .  The next phase bras t o  d e f i r e  t h e  cons t r a i r . t s  im-. 

posed by t h e  ob jec t ives  upon sampling. These c o n s t r a i n t s  a r e  

presented i n  Sea t ion  4 .  The f i n a l  phase of  work of  t h i s  s tudy 

i s  presented  i n  Sec t ion  5 and dea ls  p r imar i ly  wi th  t h e  evalua-  

t i o n  of  sampling (as  a technique) and of a sample from a s i n g l e  

s i t e  i n  t h e  i n v e s t i g a t i o n  of  Mars. 

“At t r ibu te s  a r e  p r o p e r t i e s  of the p l a n e t  which can be measured. 
The d a t a  obtained on t h e  a t t r i b u t e s  a r e  then r e l a t e d ,  by theory ,  
hypothes is ,  o r  e x t r a p o l a t i o n ,  t o  t h e  s c i e n t i f i c  o b j e c t i v e s .  

I I T  R E S E A R C H  I N S T I T U T E  
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2 .  GENERAL DESCRIPTION AND PRESENT KNOWLEDGE 
OF THE MARTIAN SURFACE 

The s u r f a c e  of Mars, when viewed through a t e l e scope ,  

appears t o  c o n s i s t  of t h r e e  d i s t i n c t i v e l y  d i f f e r e n t  t y p e s  of 

m a t e r i a l s .  They appear a s  l i g h t  ocher co lored  a r e a s ,  dark 

a r e a s ,  and white  po la r  caps.  

The l i g h t  a r e a s  make up about t h ree - fou r ths  of t h e  

Martian s u r f a c e  and have been i n t e r p r e t e d  t o  be d e s e r t - l i k e  i n  

n a t u r e  wi th  l imoni te  being respons ib le  f o r  t h e  ocher  co lo r ing .  

The remaining one-fourth of the Martian s u r f a c e  c o n s t i t u t e s  the  

dark a r e a s .  The p o l a r  caps a r e  ephemeral and, t h e r e f o r e ,  a r e  

not  considered a s  being p a r t  of t h e  s u r f a c e .  One of t h e  most 

confusing a spec t s  i n  regard t o  t h e  dark Martian s u r f a c e  a r e a s  

i s  t h a t  they appear t o  change in s i z e  and degree of darkness .  

These changes a r e  seasonal  and have been a t t r i b u t e d  t o  such 

th ings  a s  response of vege ta t ion ,  m a t e r i a l  changes due t o  

humidity,  and/or  sand and d u s t  p a r t i c l e s  being t r anspor t ed  by 

p r e v a i l i n g  winds. 

t h e  Martian s p r i n g  and a r e , f o r  t h e  most par t ,confined t o  + 30 

degrees from t h e  equator ,  al though they a r e  most prominent i n  

t h e  southern region of  t h e  p l ane t .  

2 . 1  Light  Areas - Hypotheses 

b 

Most of t h e  dark a r e a s  become darker  during 

- 

The l i g h t  a r e a s  of t h e  Martian su r face  h i s t o r i c a l l y  have 

been descr ibed  a s  dese r t s ,w i th  l imoni te  a s  t h e  major c o n s t i t u -  

e n t .  

spec t roscopic ,  c o l o r ,  and albedo measurements, a l l  o f  which a r e  

This model of t h e  s u r f a c e  i s  based upon p o l a r i m e t r i c ,  
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c o n s i s t e n t  w i th  t h e  p r e s e n c e  of l imoni te .  The va r ious  s u r f a c e  

models which have been proposed a r e  summarized i,i TaSle 1. 

Van Tassel and Sa l i sbu ry  (1964) reviewed t h e  evidence 

f o r  l imon i t e  as t h e  major mineral  c o n s t i t u e n t  w i t h i n  t h e  l i g h t  

a r e a s .  They concluded, on the b a s i s  of l a b o r a t o r y  experiments,  

t h a t  t h e  evidence f o r  v a s t  amounts of l imoni te ,  p a r t i c u l a r l y  

frcm t h e  midinf rared  spec t roscopic  evidence,  was not  conclu- 

s i v e ;  and t h a t  from geologica l  c o n s i d e r a t i o n s ,  t h e  major s o l i d  

c o n s t i t u e n t s  of any p l ane t  should be bo th  abundant and r e s i s t a n t  

t o  ab ras ion .  

A more recent cons idera t ion  i n  r ega rd  t o  t h e  l imoni te  

hyputilesis made by S a l i s b u r y  (1966) i s  t h a t  i t  i s  very d i f f i -  

c u l t ,  based on geologic  cons ide ra t ions ,  t o  account f o r  t h e  g r e a t  

abundance of hydrated i r o n  oxide on Mars. 

p r e s e n t  i n  a l a r g e  number o f  minerals  on t h e  Ear th ,  i t  would 

seem t h a t  t h e  predominant miLierals on Mars should be :hose 

same o n e s  which make up t h e  E a r t h ' s  c r u s t  ( i . e , ,  s i l i c o n  and 

aluminum). 

(3 .9)  as compared t o  t h a t  of t h e  E a r t h  (5 .5)  does not  provide 

f o r  a g r e a t  q u a n t i t y  of i r o n ,  which i s  necessary  t o  account 

f o r  v a s t  amounts of l imoni te .  Presumably, t h i s  t a k e s  i n t o  

cons ide ra t ion  t h e  p o s s i b i l i t y  cf Ea r s  n a t  being s t x c t u r z l l y  

d i f f e r e n t i a t e d  as i s  t h e  Ear th .  

Although i r o n  i s  

* 

H e  f u r t h e r  s t a t e d  t h a t  t h e  mean d e n s i t y  of Mars 

According t o  Rea (1965), i n  t h e  Mart ian atmosphere t h e  

s e t t l i n g  out  t i m e  r e q u i r e d  a f t e r  a dus t  storm could seg rega te  

t h e  f i n e ,  e a s i l y  pulver ized  l imonite  pa r t i c l e s  from t h e  coarser'  
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Table 1 

HYPOTHESIZED SURFACE CONDITIONS 
OF LIGHT AREAS 

- - .-1 

Surface  Type Poss ib l e  Surface Condition Reference 
___ ~-~ - - ~ ~ -  ~ 

Sand Deserts The l i g h t  a r e a s  a r e  chains  of  d e s e r t  Sa l i sbu ry  (1966) 
and dunes analogous t o  those found 
on Ea r th  i n  such d e s e r t  c o u n t r i e s  
a s  Af r i ca ,  Arabia,  Libya, e t c .  

S i l i c a t e s  Based on labora tory  experiments of  Van Tasse l  & 
Ear th  m a t e r i a l s  and on geologica l  Sa l i sbu ry  (1964) 
cons ide ra t ions ,  t h e  l i g h t  a r e a s  a r e  
f o r  t h e  most p a r t  made up of  s i l i -  
c a t e s .  

.- 

- 
S i l i c a  and Light a r eas  c o n s i s t  of both s i l i c a t e s  Rea (1965) 
Limonite and l imoni te  whichhavebeen pulver-  

ized  l eav ing  coarse  gra ined  s i l i c a t e  
sands with f i n e  p a r t i c l e s  of  limon- 
i t e .  The s e t t l i n g  out  a f t e r  d u s t  
storms produces a concen t r a t ion  
of l imoni te  a t  the s u r f a c e .  - 

Ferric Based on spec t roscopic  d a t a ,  t h e s e  Sagan e t  a:L. 
Oxides l i g h t  a r eas  appear t o  be,  a t  l e a s t  (1965) ; 

dowa t o  t h e  depth observed, l a r g e l y  Draper e t  al. 
composed of f e r r i c  oxide minera ls .  (1964) 

~ -~ 

Weathered Based on spec t roscopic  measurement, Binder & 
Igneous t h e r e  seems t o  be some support  t h a t  Cruikshank 
Rocks t h e  l i g h t  a r e a s  c o n s i s t  of  c e r t a i n  (1964) 

S i l i c a t e s  During t h e  e a r l y  h i s t o r y  of Mars, Van Tasse l  & 
and Hydrated t h e r e  was an atmosphere capable  of  Sa l i sbu ry  
I ron  Oxides a l t e r i n g  t h e  form and chemical com- (1964) 

p o s i t i o n  of t h e  c r u s t a l  m a t e r i a l  
which caused t h e  s e p a r a t i o n  of i r o n  
from c r u s t a l  m a t e r i a l s .  Thus, t h e  
hydrated i r o n  oxides could c o n s t i -  
t u t e  some minor percentage of  t h e  
s u r f a c e  m a t e r i a l s .  

weathered igneous rocks.  - 
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Table 1 (Cont 'd) 

1 
I 
I 
I Surface  Type Poss ib l e  Surface Condition Reference 

~~~ ~ 

S i 1  i c a t e s  Based on observed gray-body emission Sin ton  & 
(20%) from Mars, t he  i n t e r p r e t a t i o n  has Strong (1960) 

been made t h a t  less than  20 percent  
of s i l i c a t e s  make up t h e  Martian 
l i g h t  su r f ace  m a t e r i a l s .  

~ ~ 

Fine Dust The l i g h t  areas c o n s i s t  of f i n e l y  Koval and 
d iv ided  m a t e r i a l s .  This  i s  based Morozkenko 
on o p t i c a l  thickness  measurements (1962) 
o f  t h e  yellow clouds.  - -- 

Limonite The con t inen t s  of Mars a r e  covered Sharonov 
Dust everywhere by an e ros ion  mantle of (1961) 

loose ,  s o f t ,  f loury  s i l t ,  c o n s i s t i n g  
n f  e i t h e r  d u s t - l i k e  p a r t i c l e s  of 
pure l imoni te ,  o r  of some o t h e r  
p a r t i c l e s  i n t ense ly  co lored  by t h a t  
material .  

Topography The boundaries between t h e  dark  and Kuiper (1955) 
l i g h t  a r e a s  appear t o  suggest  f a i r l y  
sharp topographic changes, w i t h  t h e  
t r a n s i t i o n  occurr ing w i t h i n  a few 
m i l e s .  -- - *  

1 
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s i l i c a t e s .  This would r e s u l t  i n  t h e  p r e f e r e n t i a l  depos i t i on  

of t h e  l imon i t e  p a r t i c l e s  a s  the top s u r f a c e .  Spectroscopic  

d a t a  obta ined  by Sagan e t  a l .  (1965) have added some support  

t o  t h e  l imon i t e  theory.  Total  r e f l e c t i o n  spectrophotometr ic  

a n a l y s i s  of  l imoni te  and hemati te  i n  t h e  n e a r - i n f r a r e d  has  l e d  

them t o  conclude t h a t  t h e  l i g h t  a r e a s ,  a t  l e a s t  down t o  t h e  

depth observed a t  i n f r a r e d  frequencies ,  a r e  composed l a r g e l y  

of f e r r i c  oxide minera ls .  

Draper e t  a l .  (1964).  Binder and Cruikshank (1964) repor ted  

t h a t  s i m i l a r  spec t roscopic  measurements suggest  t h a t  t h e  limon*- 

i t e  w a s  poss ib ly  der ived from weathered igneous rocks.  

A s i m i l a r  conclusion was made by 

Van Tasse l  and Salichur] :  (195&) szggested i'nai; during 

one per iod  of  t i m e  e a r l y  i n  Martian h i s t o r y ,  t h e r e  e x i s t e d  an 

atmosphere capable  of a l t e r i n g  the  form and chemical composition 

of t h e  c r u s t a l  m a t e r i a l s  through chemical weathering. 

werethe case ,  it would be possi.ble t q  s eppra t e  t h e  irm from 

c r u s t a l  materials.  Thus, t h e  hydrated i r o n  oxides could con- 

s t i t u t e  some minor percentages of the  s u r f a c e  m a t e r i a l s .  

I f  t h i s  

S in ton  and Strong (1960) observed gray-body emission 

from Mars, which they i n t e r p r e t e d  a s  an i n d i c a t i o n  t h a t  less 

than 20 pe rcen t  of s i l i c a t e s  e x i s t  on t h e  Martian su r face .  A 

s i g n i f i c a n t  p o i n t  t o  cons ider  is t h a t  V2n Tassel. a2d Sal;-sbury 

have shown i n  t h e i r  experiments t h a t  f i n e l y  divided m a t e r i a l s  

o t h e r  than  l imon i t e  a l s o  could have produced t h e  r e s u l t s  shown 

by S in ton  and S t rong ' s  observa t ions .  In  support  of t h e  f i n e l y  

d iv ided  m a t e r i a l s  o r  dus t  concept,  Koval and Morozkenko (1962) 
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defended i t  on t h e  b a s i s  of o p t i c a l  th ickness  of  t h e  yellow 

clouds.  

Sharonov (1961) has made a pre l iminary  l i t h o l o g i c  in -  

t e r p r e t a t i o n  of t h e  Martian su r face  m a t e r i a l  by t h e  use of 

photometric and co lo r ime t r i c  information. 

a r e  based on two assumptions: t h e  Martian mantle c o n s i s t s  of 

t h e  same major minera ls  as does t h e  mantle of  t h e  Ea r th ;  and, 

t h e  c o l o r  c h a r a c t e r i s t i c s  of Martian minera ls  a r e  t h e  same a s  

those  on t h e  Ea r th .  

p o s s i b i l i t y  t h a t  these  two assumptions a r e  n o t  j u s t i f i e d ,  s i n c e  

Mars may have minerals  completely un l ike  those  found on t h e  

Ear th ,  and t h a t  t h e  c o l o r  of minerals a r e  q u i t e  ~ 2 r F a b l 2  

dependent upon environment. 

H i s  i n t e r p r e t a t i o n s  

However, Sharonov a l s o  pointed out  t he  

and 

I n  t h e  s tudy ,  Sharonov evaluated s e v e r a l  t y p e s  of mater- 

i a l s  t h a t  a r e  p re sen t  a t  t he  Ea r th ' s  s u r f a c e  which poss ib ly  

c ~ u l d  be r e spons ib l e  a l s o  f o r  the ocher c o l o r  orl Mars. Of the  

samples eva lua ted ,  t h e  only v a r i e t y  which d isp layed  s u f f h i e n t  

s i m i l a r i t y  i n  c o l o r  and l i gh tness  t o  t h e  Martian su r face  was 

what he c a l l e d  e a r t h y  l imon i t e .  H e  noted t h a t  Dol l fus ,  based 

on h i s  po la r ime t r i c  work, concluded t h a t  of  a11 t h e  t e r r e s t r i a l  

m a t e r i a l s  i n v e s t i g a t e d ,  only powdered l imon i t e  exh ib i t ed  com- 

p l e t e  s i m i l a r i t y  with t h e  observed s i i r face d a t a  of  Mars. Sharonov 

(1961) concludes t h a t ,  based on t h e  r e s u l t s  of h i s  s tudy of 

va r ious  m a t e r i a l s  and the  results of Dol l fus '  s tudy,  t h e  follow- 

ing hypothes is  should be considered: 

are  covered everywhere by an  erosion mantle which i s  a l aye r  

"The con t inen t s  of Mars 
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of loose ,  s o f t ,  f l ou ry  s i l t ,  c o n s i s t i n g  e i t h 3 r  

p a r t i c l e s  of  pure l imoni te ,  or some o t h e r  p a r t  

co lored  by t h a t  mineral ."  

of d u s t - l i k e  

c l e s  i n t ense  

It would appear t h a t  a l l  of t h e  hypotheses regarding 

t h e  n a t u r e  of  t he  l i g h t  a r eas  presented he re ,  could be s a t i s f i e d  

by a l imoni te  coa t ing  of s i l i c a t e  p a r t i c l e s  and/or  l imoni te  

d u s t  a t  t h e  su r face .  In e i t h e r  case,  t h e  l imoni te  i s  

probably a minor c o n s t i t u e n t  which produces t h e  ocher co lo r ing , ,  

2 . 2  Dark Areas - Hypotheses 

There have been a s  many o r  more hypotheses regarding 

the  n a t u r e  of t he  dark a r e a s  on Mars a s  those which concern 

t h e  much l a m e r  - light arezc.  T h i s  has been because of tne ob- 

served changes which seem t o  f o l l o w  a seasonal  p a t t e r n .  These 

hypotheses a r e  summarized i n  Table 2 .  

Kuiper (1955) has  pointed o u t  t h a t  t h e  boundaries be- 

tween t h e  dark and l i g h t  sress appear t o  t e  q u i t e  sharp ,  w i th  

t h e  t r a n s i t i o n  occurr ing  within a d i s t a n c e  of  a few mi l e s .  

Such evidence suggests  t h a t  the  c o n t r o l  i s  due p r imar i ly  t o  

changes i n  t h e  sd r face  r e l i e f  ( topography) r a t h e r  than by some 

of t h e  o t h e r  suggested causes such a s  vege ta t ion  o r  changes i n  

m a t e r i a l s .  

t r a n s i t i o n  occurs  between t h s  l i g h t  and dzrk a reas  s i x e  t h e  

b e s t  t e l e s c o p i c  r e s o l u t i o n  of the Martian s u r f a c e  i s  of  t h e  

o r d e r  of 30 mi l e s .  

by means o f  t h e  p r e v a i l i n g  winds could be t h e  key process  

r e spons ib l e  f o r  t h e  changes i n  s i z e  and shade. 

Kuiper seems t o  have o v e r s t a t e d  t h e  degree t o  which 

It i s  p o s s i b l e  t h a t  t h e  migrat ion of  sand 
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HYPOTHESIZED SURFACE C O N D I T I O N S  

OF DARK AREAS 

- -- -- 
Surface  Type Poss ib l e  Surface Condition Reference 

Lava Flows 
- -- 

The dark a reas  of t h e  Martian su r face  Kuiper (1955) 
a r e  lava  f i e l d s  t h a t  a r e  q u i t e  smooth 
and a r e  seasonal ly  swept  f r e e  of d u s t  
by p reva i l i ng  winds e 

The dark a reas  a re  caused by volcanic  McLaughlin 
a sh  being blown down from a c t i v e  
volcanos.  

- 
Volcanic Ash 

(1954) 

- 
’dar ia t  ion  i n  Vir ia t icn Ln bi-igliiness might be Rea (1965) 
] ? a r t i c l e  due s o l e l y  t o  v a r i a t i o n  i n  p a r t i c l e  
S izes  s i z e ,  with a r e a s  covered by l a r g e r  

p a r t i c l e s  being darker and lessen-  
ing i n  darkness a s  t h e  p a r t i c l e s  
g e t  sma 1 1 er - 

White Clouds I s o l a t e d  white clouds f r equen t ly  Wells (1965) 
forn over  br-ight a r e a s  ad jacen t  t o  
t h e  dark a r e a s .  
s e l v e s  along t h e  edges of t h e  topo- 
g r a p h i c a l l y  high dark a r e a s  and 
remain s t a t i o n a r y  f o r  extended 

- 

They a l i g n  them- 

’ per iods .  - ..- _-- 
DUS t s t 0 rms The temporary dark a r e a s  fol low S l iphe r  (1962) 

t h e  occurrence of severe  dus t  storms. 

Vegetation The o r i g i n  of dark a r e a s  a r e  caused S l iphe r  (1962);  
- -- 

by vege ta t ion  growth during s p e c i f i c  Sinton (19518); 
seasona. Dvllfus  (15161 ) 

p l a t e a u s .  

----- .--.-. 
E’ l a  t eaus The dark a reas  a re  wind-swept Kuiper (195 5 )  

..-- - 
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Kuiper (1955) a l s o  suggested t h a t  t h e  da rk  areas o f  

Mars may be lava f i e l d s  t h a t  a r e  q u i t e  smooth, and which season- 

a l l y  are swept f r ee  of  d u s t  by p r e v a i l i n g  winds.  

A v o l c a n i c  hypothesis  a l s o  w a s  suggested by McLaughlin 

(1954). However, h i s  hypothesis proposes t h a t  t h e  da rk  areas 

are  caused by vo lcan ic  a s h  blown downwind from active volcanos.  

S a l i s b u r y  (1966) contended t h a t  such a hypothes is  would be d i f f i -  

c u l t  t o  use  i n  exp la in ing  seasonal  vo lcan ic  r e juvena t ion .  

Kuiper (1955) has poin ted  o u t  a l s o  t h a t  t h e  v o l c a n i c  a c t i v i t y  

would add cont inuous ly  l a r g e  amounts of w a t e r  vapor t o  t h e  atmo- 

sphere:  t h i s  does not  ag ree  with t h e  low water con ten t  of  t h e  

M a r t i a n  atmosphere. Also ,  I R  observa t ions  o f  t he  m a r i s  (Eir.cl,er 

and Cruikshank, 1966) i n d i c a t e  t h a t  t h e  spectrophotometr ic  pro- 

p e r t i e s  of  t h e  maria do not  match those  of e i t h e r  b a s a l t i c  f lows 

o r  b a s a l t i c  vo lcan ic  a s h .  On the o t h e r  hand, Urey (1956) con- 

c luded t h a t  i t  cannot be demonstrated t h a t  water  vapor added 

by v o l c a n i c  a c t i v i t y  could not  be removed by escaping  i n t o  space,  

hydra t ion  o f  s u r f a c e  materials, o r  abso rp t ion  by vege ta t ion .  

R e a  (1965) proposed t h a t  t h e  v a r i a t i o n s  i n  l i g h t -  

ness  might be due s o l e l y  t o  v a r i a t i o n s  i n  p a r t i c l e  s i z e ,  w i t h  

areas covered by l a r g e r  p a r t i c l e s  being da rke r ,  and l e s sen ing  

i n  darkness  as t h e  p a r t i c l e s  ge t  smaller. 

Wells (1965) r epor t ed  t h a t  i s o l a t e d  whi te  c louds  

f r e q u e n t l y  form over  t h e  l i g h t  a r e a s  ad jacen t  t o  t h e  dark  areas. 

H e  s a i d  t h a t  such c louds  a l i g n  themselves a long  t h e  edges of 
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t h e  topographica l ly  h igh  dark a r e a s  and remdln s t a t i o n a r y  f o r  

extended per iods  of t i m e .  

S l i p h e r  (1962) sugges ted tha t  t h e  temporary dark a r e a s  

fol low t h e  occurrence of severe dus t  storms. 

The vege ta t ion  hypothesis a l s o  has received much a t t e n -  

t i o n  through t h e  years .  This hypothesis  s t a t e s  t h a t  t h e  o r i g i n  

of  dark  a reas  i s  caused by the  growth of  v e g e t a t i o n  during 

s p e c i f i c  seasons.  S l i p h e r  (1962) ,  Dollfus (1961) and Sin ton  

(1958) have supported t h e  vege ta t ion  theory.  Rea (1963) 

a t t acked  the  vege ta t ion  hypothesis on t h e  b a s i s  t h a t  t h e  Martian 

s u r f a c e  temperature wi th in  the  dark a r e a s  never reaches O"C, 

and consequently,  t h e  t e m ~ c r ~ r y  dar!:er,lr;g of IighK a r e a s  i s  

d i f f i c u l t  t o  expla in  a s  being the  r e s u l t  of vege ta t ion .  

2 . 3  -I- Surface Conditions Detected by Mariner I V  Photographs 

The photographs taken by  Mariner I V  have shed 

new l i g h t  on the  topographic sc r f ace  condi t ions  on Mars,and they 

should c l e a r  up surne of  t h e  coxfusion about t h e  p l ane ta ry  s u r -  

f a c e .  These photographs have shown c l e a r l y  t h a t  p a r t s  of t he  

Martian su r face  a r e  very s i m i l a r  i n  aypearance t o  t h e  luna r  

highlands.  This i n d i c a t e s  t h a t  t h e  Martian s u r f a c e  has under- 

gone processes  - p r i m a r i l y  c r a t e r i n g  - s i m i l a r  t o  those of t h e  

moon. Also,  t h e  subdued cha rac t e r  o f  the  c r a t e z s  i n d i c a t e s  

t h a t  e ros iona l  processes  a r e ,  o r  have been, p r e s e n t .  However, 

t h e  ex i s t ence  of l a r g e  numbers of  c r a t e r s  i n d i c a t e s  t h a t  e ro-  

s i o n  has  n o t  been n e a r l y  a s  a c t i v e  a s  i t  has on Ear th .  
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S a l i s b u r y  (1966) suggested t h a t  i f  t h e r e  has Seen  a 

s c a r c i t y  of water on Mars, i t  i s  u n l i k e l y  t h a t  t h e  surface 

materials could be composed l a r g e l y  of l imon i t e .  H e  f u r t h e r  

s t a t e d  t h a t  i f  one were t o  accept  Sagan's e t  a l .  (1965) con- 

c l u s i o n  t h a t  t h e r e  w a s  once a high-humidity t r o p i c a l  environment 

on Mars, i t  would be d i f f i c u l t  t o  j u s t i f y  a l i m o n i t e - r i c h  s o i l  

su rv iv ing  t h e  subsequent c r a t e r i n g  processes ,  s i n c e  impact 

craters ,  15 t o  20 km i n  diameter and 1- t o  2-km deep, 

sugges t  a cons ide rab le  excavation and mixing o f  t h e  c rus t .  

Even though Rea (1965) s t a t e d  t h a t  t h e  impact c r a t e r  e jec ta  

would be s o r t e d ,  S a l i s b u r y  believes t h a t  t h e  average c r u s t a l  

composition,due t o  t h e  l o w  d e n s i t y  of  Mars, would be some- 

t h i n g  less t h a n  25-percent iron. 

I f  t h e  conclus ion  i s  drawn from the  Mariner-IV photo- 

graphs t h a t  l i m o n i t e  i s  un l ike ly  t o  be p r e s e n t  i n  v e r y  l a r g e  

q u a n t i t i e s ,  i t  i s  necessary  then t o  j u s t i f y  o r  e x p l a i n  t h e  v i s i b l e  

and n e a r - i n f r a r e d  spec t roscopic  d a t a .  

upon c l o s e  examination of  t h e  experimental  d a t a ,  t he  spec t roscop ic  

d a t a  per se are not  i n c o n s i s t e n t  w i t h  those  t h a t  one o b t a i n s  f r o m  

vo lcan ic  rocks  t h a t  have f e r r i c  oxide i m p u r i t i e s .  

(1965), however, r e j e c t e d  t h i s  p o s s i b i l i t y  on t h e  b a s i s  of  

p o l a r i m e t r i c  work conducted by Dol l fus  (1961). Dol l fus  found 

t h a t  t h e  p o l a r i z e d  phase curve of s i l i c a t e s  does not resemble 

t h e  d a t a  taken  of Mars. R e a  and O'Leary (1965), however, have 

shown t h a t  t h e  p o l a r i m e t r i c  da t a  are c o n s i s t e n t  w i t h  several 

According t o  Sa l i sbu ry ,  

- 
Sagan e t  a l .  
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types of rocks inc luding  a t  l e a s t  one t y p e  O F  l ava ,  i f  t h e  

p o l a r i z a t i o n  e f f e c t s  of an atmospheric a e r o s o l  rnixture a r e  

taken i n t o  account.  
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3 .  MARS EXPLORATION 

The Space Science Board s t a t e d  during i t s  1965 confer-  

ence on p l ane ta ry  sc ience ,  "The geology of Mars i s  p a r t i c u l a r l y  

important because Mars may be expected t o  have p a r a l l e l e d  t h e  

Ea r th  somewhat c l o s e l y  i n  o r i g i n  and development." I n  t h e  con- 

t e x t  of t h i s  s ta tement ,  w e  would add t h a t  no t  only should t h e  

d e t e c t i o n  of s i m i l a r i t i e s  between t h e  two p lane t s  be important, ,  

bu t  a l s o  any s i g n i f i c a n t  d i f f e rences  should be equa l ly  impor- 

t a n t  i n  so lv ing  problems r e l a t e d  t o  p l ane ta ry  o r i g i n s  and re- 

l a t i o n s h i p s .  

There a r e  many p res s ing  ques t ions  concerning t h e  p l a n e t  

Mars which must be answered before  mvch c a ~  h e  'Learzed shout 

i t s  r e l a t i o n s h i p  t o  o t h e r  p l ane t s  and t h e  universe ,  i t s  o r ig in , ,  

h i s t o r y  of  development, and the  processes  which have modified 

i t s  i n t e r i o r  and su r face .  Many of t h e  ques t ions  which should 

be answered during t h e  explora t ion  of Mars have bezn def ined  

a ~ i d  compiled by the  Space Science Board (SSB 1965) .  The SSB 

grouped t h e s e  ques t ions  i n t o  s i x  c a t e g o r i e s .  They a r e  presented 

f o r  r e fe rence  i n  Appendix 1 of  t h i s  r e p o r t .  

I n  planning f o r  t h e  exp lo ra t ion  of a p l ane ta ry  body i t  

i s  much more meaningful t o  def ine  t h e  a p p l i c a b i l i t y  of  measure-. 

ment techniques b y  c m x i d c r a t i c n  c f  t h e  q c a n t i t l e s  t h a t  have 

t o  be measured (designated a s  a t t r i b u t e s  i n  t h i s  s tudy)  r a t h e r  

than  by cons ide ra t ion  of t he  more a b s t r a c t  exp lo ra t ion  ques t ions  

o r  o b j e c t i v e s .  However, t o  develop a l o g i c a l  exp lo ra t ion  p r o -  

gram it  i s  e s s e n t i a l  t o  begin with a s e t  of o b j e c t i v e s  which 
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may be i n  t h e  form of quest ions o r  s ta tements  and from which 

one can d e r i v e  measurable a t t r i b u t e s .  

can then be eva lua ted  i n  terms of  how wel l  they measure t h e  

a t t r i b u t e s .  For t h e  purposes of t h i s  s tudy ,  Martian e x p l o r a t i o n  

has been considered under t h e  following c a t e g o r i e s :  

I n v e s t i g a t i o n  techniques 

1. Record of L i f e  
2 .  Phys i ca l  Cons t i t u t ion  
3 .  Act ive  Processes  
4 .  Chemical Compositions 
5.  H i s to ry  of  Events 

These f i v e  c a t e g o r i e s  and t h e  r e l a t e d  o b j e c t i v e s  were, f o r  t h e  

most p a r t ,  taken from t h e  SSB's cons ide ra t ion  of t h e  exp lo ra t ion  

of Mars i n  t h e i r  Space Science R - ~ s e ~ r c h  ?-epnrt n f  1965. Has...- 

eve r ,  some modi f ica t ions  were made i n  o r d e r  t o  s t a t e  them i n  

such a way a s  t o  provide ca t egor i e s  which would f a c i l i t a t e  f o r  

a more complete l i s t i n g  of o b j e c t i v e s .  For  example, t h e  SSB's 

l i s t i n g  of  c a t e g o r i e s  Lncluded exobislogy and d i f f z r e x t i z t i o n .  

W e  f e e l  t h a t  exobiology should be replaced with t h e  Record of 

Li fe ,  s i n c e  biology implies  p re sen t ly  l i v i n g  ma t t e r  r a t h e r  

than t h e  complete record ,  p a s t  and p r e s e n t .  A l s o ,  t h e  d i f f e r -  

e n t i a t i o n  of t h e  p l a n e t  can l o g i c a l l y  be considered a s  p a r t  of 

t h e  Phys ica l  P r o p e r t i e s  of t h e  p l a n e t .  

A b r i e f  d e s c r i p t i o n  g f  t h e  purpDse of  each of t h e  above 

c a t e g o r i e s  i s  presented  i n  t h e  fol lowing subsec t ions  along w i t h  

Tables 3 through 7 ,  which present  t h e  va r ious  e x p l o r a t i o n  ob- 

j e c t i v e s ,  t h e  r e l a t e d  a t t r i b u t e s ,  and t h e  a p p l i c a b i l i t y  of 

sampling t o  these  a t t r i b u t e s .  The i n v e s t i g a t i o n  of t h e s e  
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a t t r i b u t e s  i s  considered necessary i n  o r d e r  1.0 completely 

accomplish t h e  o b j e c t i v e s  l i s t e d  under t h e  f i v e  c a t e g o r i e s .  

The techniques which can be used t o  i n v e s t i g a t e  t h e  many a t -  

t r i b u t e s  considered i n  t h i s  s ec t ion  a r e  designated a s  fol lows:  

Surface Sampling (S) 

A s  previous ly  def ined ,  sampling i s  t h e  technique of  
t ak ing  rock o r  rock ma te r i a l  samples of the s u r f a c e  
o r  nea r - su r face  of Mars. 

-. Remote Sensing (RS) 

Remote sensing includes a l l  measurements of t h e  e l e c -  
tromagnetic spectrum made remotely.  

Geophysical Surveying (GS) 

This  inc ludes  a l l  t he  physical  measurements made a t  
t h e  s u r f a c e  of Mars. 

Geological Mapping (GM) 

This i s  used i n  t h e  context  of  convent ional  Ea r th  t y p e  
geo log ica l  mapping ( i . e .  , rock outcrops ,  d i p  and s t r i k e  
of  beds,  e t c . ) .  

Photographic I_ Mapping (PM) 

Photographic mapping ind ica t e s  t h e  measurement of t h e  
v i s i b l e  p a r t  of  t h e  electromagnet ic  spectrum from a 
remote d i s t a n c e .  This  technique i s  used s o l e l y  t o  g e t  
t h e  appearance of t h e  su r face  and s u r f a c e  f e a t u r e s .  
Photographic mapping a s  used i n  t h i s  r e p o r t  does no t  
imply s t e r e o p l o t t i n g  f o r  topography, a s  topographic 
mapping i s  considered s e p a r a t e l y .  

Atmospheric Sampling (AS) 

Atmospheric sampling a p p l i e s  t o  t h e  whole atmosphere 
from j u s t  above t h e  su r face  t o  t h e  exosphere.  I t  i s  
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t r e a t e d  d i s t i n c t l y  from su r face  sampling even though 
t h e  l a t t e r  may w e l l  include some of t h e  atmosphere. 

Topographic Mapping (TM) 

Topographic mapping is  the  mapping of su r face  e leva-  
t i o n s  from o r b i t  o r  on the s u r f a c e .  This  inc ludes  
p l a i n  t a b l e  type su r face  mapping, and/or a l t i m e t r y  
and photography from o r b i t  ~ 

Since w e  are  concerned pr imar i ly  wi th  t h e  a p p l i c a b i l i t y  

and va lue  o f  sampling it i s  always l i s t e d  p r i o r  t o  any o t h e r  

a p p l i c a b l e  techniques.  

p r i o r i t y  of  a l l  techniques a s  app l i cab le  t o  ind iv idua l  a t t r i b u t e s .  

N o  cons idera t ion  has been given t o  t h e  

Figures  1 and 2 which follow p resen t  some of  t h e  p o s s i b l e  

s t r u c t u r a l  f e a t u r e s  which might be expected on o r  very near  t h e  

Martian s u r f a c e ;  Figure 3 presents  p o s s i b l e  s u r f a c e  appearances 

(morphology) which may be a d i r e c t  i n d i c a t i o n  of  subsurface 

s t r u c t u r e ;  and Figure 4 presen t s  some s t r u c t u r a l  p r o p e r t i e s  of 

rock u n i t s  which when determined w i l l  provide information on 

m a t e r i a l  and s t r u c t u r a l  formation, rock modi f ica t ions  s i n c e  

formation,  and processes  respons ib le  f o r  t h e  rock formation 

and modi f ica t ions  

The propeyt ies  portrayed i n  Figures 1, 2 ,  3 ,  and 4 

a r e  presented  t o  demonstrate t he  kinds of  geo log ica l  a t t r i b u t e s  

which must be i n v e s t i g a t e d  e i t h e r  by sampling o r  o t h e r  tech-  

niques dur ing  t h e  exp lo ra t ion  of  Mars i n  o r d e r  t o  understand 

t h e  o r i g i n  and evo lu t ion  of  the  p l ane t .  The a t t r i b u t e s  i n  

these  f i g u r e s  r ep resen t  on1.y a smal l  p o r t i o n  of t h e  t o t a l  
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Shown a re  some of  the  p o s s i b l e  s u r f a c e  appearances 
a s  a r e s u l t  of s t r u c t u r e  and l i t h o l o g y .  
(Af t e r  McLaughlin 1954) 

F igure  3 SURFACE MORPHOLOGY 
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Lava Lava 

P l a t y  M i n e r a l s  P l a t y  Mine ra l s  V e s i c u l a r s :  are  v o i d  spaces  w i t h i n  
a rock  ( l a v a )  and are  formed by es- 
c a p i n g  gas .  F o l i a t i o n :  m i n e r a l s  a r e  p l a t y  

and l i e  p a r a l l e l  t o  one a n o t h e r .  
Pr imary  f o l i a t i o n  forms d u r i n g  
t h e  c r y s t a l l i z a t i o n  o f  a magma. 

minerals and i s  i n  g e n e r a l  r e l a t e d  t o  
the m a  j o r  s t r u c  t u r e .  Drag Fo lds :  can  be used t o  

de t e rmine  t h e  top ,  t h e  d i p ,  and 
t h e  s t r i k e  o f  beds.  

Norma 1 F r a c t u r e  S l i p  Cleavage - 
Cross  Bedding: can  be used t o  Cleavage Cleavage 

C l eavage  : t h e  pa ra  1 le1  ar rangement  o f  d i s t i n g u i s h  t h e  top  from t h e  bottom 
p l a t y  minerals i n  g e n e r a l  formed by and t h e  o r i g i n  o f  most wind d e p o s i t e d  
r o c k  f lowage.  and some w a t e r  d e p o s i t e d  m a t e r i a l s .  

Shown a r e  some o f  t h e  
s t r u c t u r a l  p r o p e r t i e s  o f  
rocks  which c a n  b e  used t o  
i n t e r p r e t  t h e  n a t u r e  , o r i g i n  
and m o d i f i c a t i o n  of  rocks  
and s t r u c  t u r a l  f e a t u r e s .  
( a f t e r  R i lL ings  1954) 

Columnar J o i n t i n g  : 
I n d i c a t e s  s h r i n k a g e  

F i g u r e  4 ROCK STRUCTURE 
2 3  



considered i n  t h i s  s tudy .  P a r t i c u l a r l y  important bu t  l e s s  

amenable t o  graphic  p re sen ta t ion  are  t h e  b i o l o g i c a l  a t t r i b u t e s .  

3 . 1  Record of L i f e  

The de termina t ion  o f  t he  Record of L i f e  i m p l i e s  t h e  

d e t e c t i o n  of  va r ious  f a m i l i e s  and s p e c i e s  of p a s t  and p resen t  

l i v i n g  ma t t e r ,  along wi th  c e r t a i n  chemical compounds which may 

poss ib ly  be t h e  r e s u l t s  of  b i o l o g i c a l  a c t i v i t y  o r  of decayed 

f l o r a  o r  fauna. 

I 
f 
I 

I n  o r d e r  t o  determine the record of l i f e  i t  i s  essen- 

t i a l  t h a t  t he  e x p l o r a t i o n  program be conducted i n  such a way 

t h a t  evidence, i f  p re sen t ,  can be d e t e c t e d  on e x t i n c t  l i f e  

forms, and on any p r e b i o t i c  mater ia l s  which could poss ib ly  be 

conducive t o  f u t u r e  l i f e .  This, then,  i n d i c a t e s  t h a t  t h e r e  

a r e  b a s i c a l l y  t h r e e  d i f f e r e n t  ob jec t ives  which should be  

accomplished i n  o r d e r  t o  determine adequate ly  t h e  record  of  

l i f e -  (1) evidence of e x t i n c t  l i f e ,  ( 2 )  presenze Df l ivLng 

ma t t e r ,  and ( 3 )  p r e b i o t i c  ma te r i a l s .  These o b j e c t i v e s  a r e  

presented  i n  Table 3 along w i t h  r e l a t e d  a t t r i b u t e s  which should 

be thoroughly i n v e s t i g a t e d ,  and t h e  e x p l o r a t i o n  techniques 

a p p l i c a b l e  t o  i n v e s t i g a t i n g  t h e  a t t r i b u t e s .  

Each of t h e  t h r e e  above l i s t e d  o b j e c t i v e s  are d iscussed  

below i n  more d e t a i l  

3 .1 .1  Evidence of  Ext inct  L i f e  

Evidence o f  e x t i n c t  l i f e  a s  preserved i n  rocks 

or r o c k  forming m a t e r i a l s  i n  the form o f  f o s s i l s  inc ludes  both 

f l o r a  and fauna l i f e  forms. There i s  a l s o  a d d i t i o n a l  evidence 
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Table 3 

RECORD OF LIFE 

~~~ - - 

(Ob j ec t ives Attributes 
Investigating 
Technique 

- ~ 

Evidence of Fossils S 
Ex t inc t L i f e Hydrocarbons S, RS 

Molecular fossils S 

Presence of Biochemistry 
Living Matter Metabolism 

Reproduction 
Movement 
Growth 
Morphology 

S, RS 
S 
S 
S 
S 
S 

Prebiotic 
'Ma t e r ia 1 s 

Complex organic chemistry S 

Key: S = Sampling 
RS - Remote Sensing 

I I T  RESEARCH I N S T I T U T E  
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which may poss ib ly  be t h e  by-product of  decomposition a f t e r  

dea th ;  t h i s  includes the  presence of hydrocarbon compounds and 

molecular f o s s i l s .  Such evidence should n o t  be considered a s  

conclus ive ly  demonstrating a b i o t a .  

on t h e  Ea r th  i t  has  n o t  been proved t h a t  hydrocarbons can be 

i d e n t i f i e d  a s  being formed by organic  o r  inorganic  processes .  

For i n s t ance ,  

P a s t  l i f e  forms may be preserved i n  t h e  form of  a l t e r e d  

and una l t e red  s o f t  p a r t s ,  a l t e r e d  and una l t e red  hard p a r t s ,  and 

i m p r i n t s  o r  t r a c e s .  The preserva t ion  of  l i f e  forms i n  t h e  

above ways i s  known a s  f o s s i l i z a t i o n .  F o s s i l i z a t i o n  of organic  

remains g e n e r a l l y  r equ i r e s  quick b u r i a l  i n  a p r o t e c t i v e  medium 

a n d , i n  most cases,some kind of hard p a r t s ,  such a s  a s h e l l  o r  

ske l e ton .  This  i s  no t  always the  case ,  s i n c e  imprints  o r  

t ra i ls  can be  preserved which give d i r e c t  evidence of t h e  t y p e  

l i f e  form which l e f t  them. For example, a worm could leave  a 

t r a i l  i n  mud which i s  subsequently b J r i e d  and preszrvsd .  The 

p r e s e r v a t i o n  of f o s s i l s  i n  rocks on t h e  Ea r th  i s  va luab le  i n  

t h a t  l i f e  forms and t h e i r  evolut ionary development can be d e t e r -  

mined by t h e i r  p o s i t i o n  i n  t h e  s t r a t i g r a p h i c  column. Cer t a in  

species of f o s s i l s  which appear  only during a s p e c i f i c  per iod  

of geologic  t i m e  ( index f o s s i l s )  a r e  va luab le  i n  cor re la t . ing  

d e p o s i t s  conta in ing  them, and f o r  determining r e l a t i v e  

geologic  ages .  

In  t h e  sea rch  f o r  f o s s i l s ,  samples should be taken of 

bo th  consol ida ted  and unconsolidated m a t e r i a l s  a t  t h e  s u r f a c e  

and i n  the  subsur face .  F o s s i l s  a r e  g e n e r a l l y  found i n  
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sedimentary type materials which were a t  one L i m e  unconsol ida ted ,  

but have s ince  become consol ida ted  due t o  cementation and 

p res su re  as more material w a s  deposi ted upon them. These 

materials may be bu r i ed  below t h e  s u r f a c e  o r  they may have 

been reexposed by fo ld ing ,  f a u l t i n g  and/or  e ros ion .  I f  

t h e  materials have been reexposed they are most l i k e l y  t o  

I-ravc. '.een subjec ted  t o  weathering o r  e ros ion ,  o r  both;  i n  t h i s  

c a s e  L~~ 2 material  w i l l  aga in  become unconsol idated.  

The o r i g i n ,  accumulation, and migra t ion  of hydrocarbons 

irt no t  w e l l  understood, but  they a re  known t o  e x i s t  i n  E a r t h  

rocks  throughout t h e  geologic  co lumn.  Therefore ,  they may be 

found i n  a l l  types  of  rocks  and materials a t  t h e  s u r f a c e  o r  i n  

t h e  subsu r face  of Mars. 

w i t h  features  which create t r a p s  f o r  them t o  accumulate. How- 

ever ,  they  sometimes migra te  t o  t h e  su r face  through porous and 

permeable rocks  which are t i l t e d  and exposed a t  t h e  surface,  

nt rr:rough f a u l t s  o r  f r a c t u r e s .  

Hydrocarbons are u s u a l l y  a s s o c i a t e d  

Molecular f o s s i l s  may a l s o  be  found i n  most any type 

material wi th  t h e  except ion  of most igneous rocks .  They may 

be d e t e c t e d  i n  materials a t  t h e  surface o r  i n  t h e  subsurface,  

much the same way as f o s s i l s  a r e .  

Samples should be taken a t  several  l o c a t i o n s  on t h e  

p l a n e t  w i t h i n  each type  of su r face  and should be r e l a t e d  t o  

surface features which can be i d e n t i f i e d  i n  advance as those  

l i k e l y  t o  provide unambiguous data .  The samples f o r  f o s s i l s  

and molecular f o s s i l s  should be taken a t  a s u f f i c i e n t  number 
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of  s u r f a c e  l o c a t i o n s  t o  provide confidence i n  t h e  da t a  on t h e i r  

ex i s t ence  o r  nonexistence. .  Even on t h e  Ear th  t h e r e  i s  a s i g -  

n i f i c a n t  p r o b a b i l i t y  of f inding no f o s s i l  evidence i n  any given 

s a m p l e .  However, it should not be necessary t o  examine a l a r g e  

a r e a  arounda landing s i t e  unless t h e r e  a r e  s e v e r a l  d i f f e r e n t  

t y p e s  of rocks p re sen t .  This is  no t  l i k e l y  s i n c e  the  d i f f e r e n t  

types of s u r f a c e  m a t e r i a l s  a r e  most probably w e l l  mixed and 

d i s t r i b u t e d .  

On the  o t h e r  hand, t he  exp lo ra t ion  of hydrocarbons w i l l  

r e q u i r e  t h e  i n v e s t i g a t i o n  of s p e c i f i c  t y p e s  of f e a t u r e s  and 

m a t e r i a l s  which are  most l i k e l y  t o  conta in  hydrocarbons.  The 

gene ra l  s c a r c i t y  of hydrocarbons i n  su r face  m a t e r i a l s  on t h e  

Ear th  may make s u r f a c e  sampling almost u s e l e s s .  

may be requi red  i f  t h e  f i r s t  few samples y i e l d  no s i g n  of 

hydrocarbons.  Several samples should be obtained from t h e  

l o c a l  a r e a  s i n c e  hydrocarbon seeps mey be q u i t e  l o c a l i z e d .  

Deep d r i l l i n g  

3 . 1 . 2  Presence of Living Matter 

The presence of l i v i n g  mat te r ,  a s  used he re ,  

i m p l i e s  t h e  d e t e c t i o n  of l i f e  forms l i v i n g  a t  t h e  t i m e  of 

sampling. 

t a n t  f o r  understanding t o  what ex ten t  l i f e  has evolved, i f  i t  

has ,  and i n  what form. The i n v e s t i g a t i c n  of l i f e  f o r m  w i l l  

be,  f o r  the  most p a r t ,  accomplished by sampling t h e  su r face .  

One p o s s i b l e  i n d i c a t o r  of l i f e  is t h e  presence of  biochemicals,  

which i f  de t ec t ed  w i l l  provide information on t h e  complex mole- 

c u l e s  requi red  f o r  a l l  l i v i n g  matter .  Other p o s s i b l e  i n d i c a t o r s  

The d e t e c t i o n  of l i v i n g  ma t t e r  i s  e s p e c i a l l y  impor- 
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which could i n d i c a t e  l i f e  inc lude  metabolism, movement, and 

growth. These p r o p e r t i e s ,  i f  de tec ted ,  may n o t  prove t h a t  

l i f e  does ex i s t  s i n c e  they  may poss ib ly  be e x h i b i t e d  by non- 

l i v i n g  th ings .  However, t h e  two p r o p e r t i e s  which w i l l  be 

d i r e c t  evidence of  l i v i n g  matter  are  reproduct ion  and t h e  com- 

p l ex  morphology of higher  orders  of l i f e ,  Therefore ,  t h e  a t -  

t r i b u t e s  which must be inves t iga t ed  t o  determine i f  t h e r e  i s  

evidence f o r  l i f e  on Mars a re  as fol lows:  (1) biochemistry,  

(2 )  metabolism, ( 3 )  reproduct ion,  ( 4 )  growth, (5)  movement, 

and ( 6 )  morphology. Biochemistry, growth, and movement 

could conceivably be d e t e c t e d  by means o t h e r  than sampling. 

Even f o r  t hese  a t t r i b u t e s ,  sampling i s  considered t o  be t h e  bes t  

technique.  

Living matter may be found i n  consol ida ted  o r  uncon- 

s o l i d a t e d  material and i s  genera l ly  r e s t r i c t e d  on E a r t h  t o  t h e  

f i r s t :  f e w  meters o f  t h e  su r face ,  However, when cons ide r ing  

~ h c  E a r t h  as a model, i t  f s  most l i k e l y  t h a t  l i f e  forms w i l l  

be most p r o l i f i c  on o r  w i t h i n  t h e  unconsol idated materials a l -  

though some l i f e  forms such as Lichen are found a t t a c h e d  t o  

igneous rocks.  S ince  l i f e  forms may prove t o  be q u i t e  scarce 

and widely d i s t r i b u t e d  over t h e  M a r t i a n  su r f ace ,  i t  i s  f e l t  

t h a t  many samples should be taken. 

A l s o ,  s i n c e  l i v i n g  matter and p a r t i c u l a r l y  micro- 

organisms are no t  l i k e l y  t o  be r e s t r i c t e d  t o  a s p e c i f i c  po in t  

on t h e  su r face ,  t h e r e  i s  no need t o  take  samples over a l a r g e  

area a t  a landing s i t e .  The s i t e s  chosen f o r  d e t e c t i n g  t h e  
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presence of l i v i n g  ma t t e r  should emphasize the  l i g h t  and dark  

a r e a s  s i n c e  t h e  po la r  regions a r e  considered t o  be t ao  cold 

t o  support  l i v i n g  ma t t e r .  The number of s i tes  requi red  f o r  

t h e  above l i s t e d  a t t r i b u t e s  a re  e s s e n t i a l l y  t h e  same a s  they 

a r e  f o r  d e t e c t i n g  f o s s i l s .  

3 .1 .3  P r e b i o t i c  Mater ia ls  

The f i n a l  ob jec t ive  which must be accomplished 

t o  determine t h e  Record of  Li fe  i s  "P reb io t i c  M a t e r i a l s . "  

Ma te r i a l s  which may be p reb io t i c  can be de t ec t ed  through t h e  

i n v e s t i g a t i o n  of  complex organic chemicals.  The d e t e c t i o n  of 

complex organic  chemical compounds does no t  

p a s t  l i f e ,  bu t  r a t h e r  i m p l i e s  t h a t  an a c t i v e  and complex chem- 

i n d i c a t e  

i s t r y  has been o r  i s  opera t ing .  

p r e b i o t i c  m a t e r i a l s  i s  complex organic  chemicals.  

The a t t r i b u t e  i n d i c a t i v e  of  

Complex 

organic  chemicals may be found i n  both consol ida ted  and uncon- 

s o l i d a t e d  m a t e r i a l s .  

s t r a t i g r a p h i c  column. Samples should be taken wi th in  t h e  l ight :  

and dark a r e a s  of  t h e  Martian sur face  a t  approximately t h e  same 

They may be p re sen t  anywhere i n  thE 

number of s i t e s  a s  f o r  t h e  de t ec t ion  of  l i f e .  

3 .2  Phys ica l  Cons t i t u t ion  

Phys ica l  c o n s t i t u t i o n  is  used i n  a broad sense i n  t h i s  

s tudy  and encompasses those p r c p e r t i e s  a f  t h c  p l a n e t  and atmos-, 

phere which b a s i c a l l y  a r e  phys ica l ,  geophysical ,  and s t r u c t u r a l .  

i n  n a t u r e .  

phys i ca l  c o n s t i t u t i o n  of the p lane t  a r e  a s  fol lows:  

Based on t h i s  cons idera t ion  t h e  o b j e c t i v e s  f o r  t h e  

(1) physi-. 

c a l  p r o p e r t i e s  of t h e  p l ane t ,  (2) geophysical p r o p e r t i e s  of  t h e  
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planet, (3)  atmospheric properties of the planet, ( 4 )  structural 

properties of the surface and land forms, (5) physical proper- 

ties of surface and near-surface materials, (6) structural 

properties of surface and near-surface materials, and (7) geo- 

physical properties of surface and near-surface materials. 

Each of these objectives must be accomplished through a number 

of attributes in order to fulfill the requirements for under- 

standing the physical nature of Mars. 

The many attributes which must be investigated to 

accomplish the above objectives are presented in Table 4 

with the investigating techniques applicable to each attribute. 

3 . 2 . 1  Physical Properties of the Planet 

The physical properties of the planet include 

those properties which are characteristic of the entire body 

and can be used in describing the basic or overall nature of 

the planet. Such properties are designated attributes and in- 

clude the following: (1) the planet's shape, ( 2 )  internal dif- 

ferentiation, (3 )  density distribution, ( 4 )  mass distribution, 

and (5)  topography. The investigation of these attributes 

should provide the necessary information required to understand 

the overall physical characteristics of Mars. Most of tb.e in- 

formation on physLcal properties is best obtained Eroln geophysi- 

cal techniques. The applicability of sampling to investigating 

the above listed attributes is restricted to the internal dif- 

ferentiation of Mars. However, sampling is of limited 
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Table 4 

PHYSICAL CONSTITUTION 

- - 
I n v e s t i g a t i n g  

Objec t ives  Key A t t r i b u t e s  Techniques - I 
i 
1 
t 
8 
I 
I 

1. Phys ica l  Pro- F igure  o f  planet (geoid)  RS , PM, GS 
p e r t i e s  o f  D i f f e r e n t i a  t i o n  S,GS,RS 
t h e  P l a n e t  Density d i s t r i b u t i o n  RS , CS 

Mass d i s t r i b u t i o n  RS , GS , TM 
Topography TM 
L ib ra t ions  RS - 

2 .  Geophysical Magnetic f i e l d  S,RS,GS 
P r o p e r t i e s  o f  Gravi ty  f i e l d  RS , GS 
t h e  P l a n e t  Seismic waves GS 

Thermal regime RS , GS 
E l a s t i c i t y  RS , GS 
R i g i d i t y  RS , GS 

3 .  Atmospheric Wind p r o f i l e  RS,AS 
P r o p e r t i e s  Synopt ic  meteorology PM,RS 

Temperature p r o f i l e  RS ,AS 
Energy balance RS ,AS 
Densi ty  p r o f i l e  AS 
Pressure p r o f i l e  AS 
Dust p a r t i c l e s  RS,AS 
Humidity AS 

- 

4 .  S t r u c t u r a l  Folds S ,PM, l is , GS , GM 
P r o p e r t i e s  of  F a u l t s  S ,PM, RS , GS , GM 
Land Forms I n t r u s i o n s  S,GS,GM 

Extrus ions  
Beds 
Uncon f ormi t i e  s 
F r a c t u r e s  

S , PM , RS , GM 
S ,PM, RS , GS , GM 
S , GS , GM 
S , GS , GM 

I 
B 
1 
1 
I .- - 

- 
5.  Phys ica l  Consol idat ion S,RS 

P r o p e r t i e s  Grain s izes  S,GM 
of Sur face  P o r o s i t y  S,RS,GS 
Ma t e r i a  1 s Permeabi l i ty  S,GS 

Density S,GS 
Hardness S,GS 
Thickness S , GS , GM 
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Table 4 (Cont'd) 

Ob j ect ives Key Attributes 
Investigating 
Techniques 

6 .  Structural Foliations S,GM 
Properties Lineations S,GS 

Joints S,GS 
Tectonites S 
Ves ic les S,GM 
Dragf olds S,GM 
Beds S,GM 

of Materials Cleavage. plains S 

7. Geophysical Thermal conductivity 
Properties Elas tic ity 
o f Materials Elec trical conductivity 

Magnetic permeability 
Magnetic susceptibility 
Albedo-ref lectance 
Emis s ivi t y 
Acoustic velocity 

S,GS 
S 
S,GS 
S 
S 
s,RM 
SYRM 
S,GS 

Key: S - Surface Sampling 
RS = Remote Sensing 
GS = Geophysical Surveying 
GM = Geological Mapping 
PM = Photogra7hic Mapping 
AS = Atmospheric Sampling 
TM = Topographic Mapping 
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1 
8 
8 
8 
C 
I 
I 
I 
8 
8 
8 
I 
I 

v a l u e  t o  t h i s  a t t r i b u t e  i f  only su r face  of near -sur face  sample:; 

can be obta ined .  The samples obtained a r e  c l a s s i f i e d  according 

t o  t h e i r  mineralogy and petrology, and, t h e r e f o r e ,  by mode of 

o r i g i n  ( i . e . ,  igneous,  volcanic ,  sedimentary,  e t c . ) .  It  should 

be p o s s i b l e  then t o  i n f e r  whether t h e r e  has been d i f f e r e n t i a t i o n  

o r  n o t .  For example, i f  volcanic  and g r a n i t i c  rocks a r e  abun- 

dant  on t h e  su r face ,  t h i s  would i m p l y  a g r e a t e r  amount of d i f -  

f e r e n t i a t i o n  than i t  would i f  b a s a l t i c  rocks a r e  t h e  most 

abundant.  

Samples should be taken of  both consol ida ted  and uncon- 

s o l i d a t e d  m a t e r i a l s  a t  t h e  su r face  and i n  t h e  subsurface s i n c e  

it i s  poss ib l e  t o  have unconsolidated m a t e r i a l s  i n  t h e  subsur- 

f ace  i f  t h e r e  i s  no mechanism a v a i l a b l e  f o r  cementing loose  

rock m a t e r i a l s .  The number and l o c a t i o n  of s i t e s  a r e  r e s t r i c t e d  

by t h e  probable d i s t r i b u t i o n  of rock types and t h e  ice coverage 

of t h e  p o l a r  r eg ions .  The l i g h t  and dark a r e a s  should be su f -  

f i c i e n t  t o  determine the  bas i c  n a t u r e  of su r face  and nea r - su r face  

m a t e r i a l s  of Mars. 

3 . 2 . 2  Geophysical P r o p e r t i e s  of t h e  P lane t  

The geophysical p r o p e r t i e s  of t h e  p l a n e t  inc lude  

p r o p e r t i e s  which when measured w i l l  determine t h e  n a t u r e  of t h e  

dynamical fo rces  inherent  within Mars. The a t t r i b u t e s  of t h e  

geophysical  p r o p e r t i e s  a r e :  (1) magnetic f i e l d ,  ( 2 )  g r a v i t y  

f i e l d ,  ( 3 )  seismic a c t i v i t y ,  ( 4 )  thermal regime, and (5)  t h e  

p l a n e t a r y  e l a s t i c i t y  and r i g i d i t y .  An i n v e s t i g a t i o n  of  t hese  
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a t t r i b u t e s  i s  important  i n  understanding t h e  dynamic f o r c e s  

r e spons ib l e  f o r  t h e  p re sen t  phys ica l  s t a t e  of  Mars. The geo- 

phys i ca l  p r o p e r t i e s  of  Mars a r e  s imi l a r  t o  t h e  phys ica l  pro- 

p e r t i e s  because most of them w i l l ,  f o r  t h e  most p a r t ,  r e q u i r e  

geophys ica l  measurements, The only  except ion i s  magnetic 

f i e l d s .  

It w i l l  be important t o  determine i f  Mars e x h i b i t e d  

a magnetic f i e l d  i n  t h e  p a s t  which was markedly d i f f e r e n t  

from its presen t  very  small  f i e l d .  The magnetic f i e l d  can  

be determined, i n  p a r t ,  by sampling conso l ida t ed  m a t e r i a l s  

of  t h e  s u r f a c e  and subsur face  a t  a l i m i t e d  number of  s i t e s .  

However, p r e c i s e  o r i e n t a t i o n  of t h e  samples must be known, 

s i n c e  magnetic f i e l d  d i r e c t i o n s  are recorded w i t h i n  t h e  rock.  

The magnetic s u s c e p t i b i l i t y  and pe rmeab i l i t y  of t h e  s p e c i f i c  

rock determines t o  what ex ten t  t h e  p l a n e t a r y  f i e l d  s t r e n g t n  

w i l l  be recorded.  Rock magnetic f i e l d  measurements may be 

r e q u i r e d  f o r  remnant f i e l d s  (paleomagnetism) o r  i f  t h e  pre-  

s e n t  f i e l d  i s  t o o  l o w  t o  be measured uniquely.  There i s  no 

requirement  t o  take l a r g e  numbers o f  samples a t  t h e  landing  

s i t e s  as t h e  magnetic f i e l d  should s t a y  f a i r l y  cons t an t  over  

a l o c a l i z e d  area and t h e  type of rocks w i l l  most probably be 

l o c a l l y  uniform. Sampling can on ly  provide a l i m i t e d  amount 

of in format ion  on t h e  o v e r a l l  n a t u r e  o f  t h e  magnetic f i e l d .  

One reason  f o r  t h i s  i s  t h a t  t he re  may be severa l  remnant 

magnetic f i e l d s  i n  any sample .  
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3 . 2 . 3  Atmospheric Properties 

The physical properties of the atmosphere include 

the following attributes: (1) wind profile, (2) synoptic 

meteorology, (3 )  temperature profile, ( 4 )  energy balance, 

(5) density profile, ( 6 )  pressure profile, (7) dust particles, 

and (8) humidity. A knowledge of these will help determine 

the evolutionary trend of the planet and the present energy 

with regard to exogenic and endogenic processes. However, the 

atmospheric properties are not considered to be surface sample 

applicable in the context of the definition of sampling as used 

in this study. Therefore, sampling is not designated as an 

investigation technique. It is conceivable, however, that 

samples of the atmosphere may well be included when samples 

are taken of surface materials if the sample containers are 

adequately sealed. 

entirely different invcstigaticg technique than su;face sam- 

pling. 

Atmospheric sampling is considered an 

3 . 2 . 4  Structural Properties 

A knowledge of  the natiire of the structural 

properties of land forms is important in order to understand, 

by deduction, what processes were active during specific 

periods of the Martian geologic history, Khat proc~sszs are 

presently acting upon and within Mars, and to determine the 

present structural nature of the surface and near-subsurface. 

This can be accomplished in part through the investigation of 

the structural properties and relationships of features such 
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a s :  (1) f o l d s ,  (2) f a u l t s ,  ( 3 )  i n t r u s i o n s ,  ( 4 )  e x t r u s i o n s ,  

(5) beds,  ( 6 )  unconformities,  and (7)  f r a c t u r e s .  Thzrefore ,  

t h e s e  gene ra l  t y p e s  of f e a t u r e s ,  s e p a r a t e  o r  i n  combination, 

a r e  considered t o  be t h e  a t t r i b u t e s  which must be i n v e s t i g a t e d  

i n  o rde r  t o  accomplish t h e  "S t ruc tu ra l  P r o p e r t i e s  of Land Forms" 

o b j e c t i v e .  

The i n v e s t i g a t i n g  technique of sampling i s  a p p l i c a b l e  

t o  a l l  of  t h e  above l i s t e d  a t t r i b u t e s  t o  varying degrees .  I n  

most cases, however, o t h e r  techniques a r e  much more a p p l i c a b l e  

than  i s  sampling. The a p p l i c a b i l i t y  of sampling and t h e  o t h e r  

techniques a r e  shown i n  Table 4 .  The above a t t r i b u t e s ,  i n  

most c a s e s ,  may be inves t iga t ed  s e p a r a t e l y  o r  i n  combination 

with one another .  The f i r s t  four and t h e  l a s t  a t t r i b u t e s  

as l i s t e d  above r e q u i r e  t h a t  samples be taken of  consol ida ted  

m a t e r i a l s  from both t h e  su r face  and t h e  subsur face .  The o t h e r  

two a t t r i b u t e s  (beds and ancmforr , i i t i es )  r e q u i r z  samples of 

bo th  consol ida ted  and unconsolidated m a t e r i a l s  from t h e  s u r f a c e  

and subsur face .  The b a s i c  d i f f e r e n c e  being t h a t  beds and un- 

conformi t ies  can c o n s i s t  of both t y p e s  of m a t e r i a l s  and t h e  

o t h e r s  can only be apparent  i n  consol ida ted  m a t e r i a l s .  

Samples should be taken i n  such a way as t o  p e r m i t  

both l o c a l  (over s e v e r z l  hundred meters)  snd r e g i o a a l  (over 

t e n s  o f  k i lometers )  coverage i f  p o s s i b l e  f o r  t h e  f i r s t  four  

a t t r i b u t e s  ( i . e .  , f o l d s ,  f a u l t s ,  i n t r u s i o n s ,  and e x t r u s i o n s )  

s i n c e  they may be e i t h e r  l o c a l  o r  r eg iona l  i n  s i z e .  The o t h e r  

t h r e e  a t t r i b u t e s  (beds,  unconformities,  and f r a c t u r e s )  r e q u i r e  
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l o c a l  sampling s i n c e  they  can b e  r e a d i l y  inves t iga t ed  wi th in  

a r e l a t i v e l y  small  a r e a .  

each a t t r i b u t e  should be r e l a t i v e l y  small  s i n c e  f e a t u r e  t y p e s  

g e n e r a l l y  can be de t ec t ed  r e m o t e l y  p r i o r  t o  s i t e  s e l e c t i o n .  

The. s i tes  should be r e s t r i c t e d  t o  t h e  Martian su r face  where 

t h e r e  a r e  d i s t i n c t  f e a t u r e  types exposed a t  t h e  su r face .  

The number of s i tes  requi red  f o r  

3 .2 .5  Phys ica l  P rope r t i e s  of Ma te r i a l s  

The phys ica l  p r o p e r t i e s  of  s u r f a c e  m a t e r i a l s  

a r e  important i n  providing information with regard t o  t h e  

genes is  of t h e  m a t e r i a l s ,  t h e  processes  a c t i n g  upon t h e  

m a t e r i a l  during and subsequent t o  t h e i r  formation, and t h e  

environment during formation, and, i n  many cases ,  t he  r a t e  of  

depos i t i on .  

i n  a s s i s t i n g  i n  t h e  i n t e r p r e t a t i o n  of var ious  t y p e s  of geo- 

phys ica l  d a t a .  The a t t r i b u t e s  r e l a t i n g  t o  phys ica l  p r o p e r t i e s  

of  m a t e r i a l s  are: ( E )  consolidLtion, ( 2 )  k r a h  sizt3s, (3; por- 

o s i t y ,  ( 4 )  permeabi l i ty ,  (5) dens i ty ,  (6 )  hardness,  and ( 7 )  

t h i ckness .  

a t t r i b u t e s .  

The phys ica l  p rope r t i e s  a r e  a l s o  q u i t e  va luab le  

Sampling techniques a r e  app l i cab le  t o  a l l  of t hese  

An i n v e s t i g a t i o n  o f  the above a t t r i b u t e s  should be 

made of a l l  t y p e s  of  ma te r i a l s  on o r  beneath t h e  Martian s u r f a c e ,  

Samples  should be takerl oE cansol ida ted  as w e l l  a s  unconsol i -  

da ted  m a t e r i a l s ,  s i n c e  both t y p e s  have c h a r a c t e r i s t i c  phys ica l  

p r o p e r t i e s .  Sampling should be included f o r  su r face  m a t e r i a l s  

w i t h i n  t h e  l i g h t  and dark areas  of Mars and a s  near  t h e  p o l a r  

ice  as p o s s i b l e ,  e s p e c i a l l y  during t h e  summer. Several  s i t e s  
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will probably be required in order to sample a suf- 

ficient number of rock or material types to pernit a reasonably 

good idea of the basic physical nature of Martian surface 

materials. 

3 . 2 . 6  Structural Properties of Materials 

The structural properties of materials can for 

all practical purposes be considered as the spatial relation 

of units that comprise a rock. The investigation of structural- 

properties is essential in determining past rock movements, rock 

deformation, and geneses o f  sedimentary and igneous rocks. 

The most important attributes relating to rock structure are: 

(1) foliations, ( 2 )  lineations, (3 )  cleavage planes, ( 4 )  joints, 

(5) tectonites, ( 6 )  vesicles, ( 7 )  dragfolds, and (8) beds. 

Sampling is applicable to all of the above listed at- 

tributes. Geologic mapping is also applicable to all but two 

of the attributes as indicated in Table 4 .  

cleavage plains and tectonites, 

The exceptiorls are 

The investigation of the structural attributes are re- 

stricted to consolidated rocks since, slmost by definition, un- 

consolidated materials do not usually exhibit any structure. 

Samples should be taken of all Consolidated materials at or 

near the surface. Much like the physical-prupeity attributes , 
to determine the structural nature of rocks, several sites 

within the light and dark areas will be required. 
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3 . 2 . 7  Geophysical Properties of Surface Materials 

The attributes which are considered important 

to understanding the geophysical nature of materials are: 

(1) thermal conductivity, (2) elasticity, ( 3 )  electrical con- 

ductivity, ( 4 )  magnetic permeability and susceptibility, 

(5) albedo, (6) emissivity, and (7) acoustic velocity. 

Samples of the Martian materials should provide much 

or the information required. However, as shown in Table 4 ,  

other investigating techniques can also provide geophysical 

data on Martial materials, and, in some cases, probably much 

better than can sampling. 

properties of materials creates a somewhat more mixed situation 

with regard to measurement techniques and to the complexity of 

investigating the above attributes. There are some attributes 

which require both consolidated and unconsolidated samples of 

the surface and subsurface materials (i.e., thermai and elec- 

trical conductivity, and acoustic velocity), while there are 

other attributes which require only consolidated samples of 

surface and subsurface materials (i.e., elasticity, and magnetic 

susceptibility and permeability). There are also additional 

attributes which require both consolidated and unconsolidated 

samples of only the surface materials (i.e., albedo-reflectance 

and emissivity). These differences are discussed in Section 4 .  

The very nature of the geophysical 

The investigation of geophysical properties of Martian 

rock materials can be concentrated in the light and dark areas. 
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Several s i t e s  w i l l  be required t o  determine t h e  gene ra l  n a t u r e  

of t h e  geophysical p r o p e r t i e s  of t h e  Martian su r face  m a t e r i a l s .  

3 . 3  Active Processes 

Act ive processes ,  a s  used i n  t h i s  s tudy,  means those  

processes  a c t i n g  upon o r  within a p l a n e t  which a r e  p r e s e n t l y  

ope ra t ing .  This  inc ludes  (1) a b i o l o g i c a l  chemical a c t i v i t y ,  

(2 )  se ismic a c t i v i t y ,  ( 3 )  e ros iona l ,  depos i t i ona l  and t r anspor -  

L u L L u I l u I  p L u ~ c - 3 3 ~ ~ ,  ( 4 )  p l u c e s s e s  respons ib ie  f o r  forming and 

modifying land forms, and (5) nuc lear  processes .  T h e s e  a r e  

considered, t h e r e f o r e ,  t o  be the o b j e c t i v e s  r e l a t e d  t o  Act ive  

Processes .  

t.0 t: -.-e? --I^ ^ ^  - - - 

A thorough inves t iga t ion  of  t h e  above t y p e s  of  processes  

i s  of primary importance i n  a t tempting t o  understand t h e  

o r i g i n  and development of Mars. 

a s s e s s i n g  the geologic  time and mechanisms requi red  f o r  t h e  

formatior,  and modi-ficatio? of  cer ta iz l  types of f eazu r s s  by 

a c t i v e  processes ,  f o r  example, t h e  t i m e  requi red  t o  form a 

mountain range (per iod a t  orogeny) and t h e  time required t o  

reduce a mountain range t o  peneplain l e v e l .  Information of 

t h i s  t y p e  provides  the  means necessary t o  e x t r a p o l a t e  geologic  

condi t ions  and a c t i v i t i e s  back t o  e a r l i e r  geologic  pe r iods .  

The a c t i v e  processes  a r e  presertec! i n  Tsble 5 and a r e  d iscussed  

i n  t h e  fol lowing subsec t ions .  

It i s  a l s o  of importance i n  
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Table 5 

ACTIVE PROCESSES 

Ob j ec t ives Key Attributes 
Investigating 
Techniques 

1. Abiological Carbon, hydrogen, 
Activity oxygen reactions 

S,RS 

- ~~ ~~ 

2 .  Seismic Quakes (seismic waves) GS 
Ac t ivi t y Me t eor i t ic impac t s S,GS,GM 

Volcanic explosions 
Microseismic activity GS 

S , RS , GS , GM 

3 .  Erosional, Wind activity 
Depositional Temperature fluctuations 
& Transporta- Slumping 
tional Soil creep 
Processes Wedging 

Fluid 
Volcanic activity 
Meteoritic impacts 
Chemical Reactions 

S,PM,AS 
GS,AS 
S,PM,GM 
GM 
GS 
S,PM,GM 
S , RS , GS , GM 
S,GS,GM 
S 

4 .  Processes Igneous activity S , PM RS , GS , GN 
Re s p o ns ib le S , KS, GS, GM 
for Forming Fa.d t ing S , RS , GS , GM 
& Modifying Subsidence S,RS,GS,GM 
Land Forms Me t eor it ic impac t s S,GS,GN 

Wind activity S ,  PM, GM 
Fluidization S,PM,GM 

Folding 

- I----- - 
5. Nuclear Cosinic ray flux GS 

Radiation level 1s S 
Rock radioactivity S ,  GS 

Processes Cosmic ray spectra GS 

-- ---_I- -- - -- P rn-- -__I - -_ -- -_ 
Key: S = Surface Sampling a4 = Geological Yapping 

RS = Remote Sensing PI4 = Photographic Mapping 
GS = Geophysical Surveying AS = Atmospheric Sa:npling 
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3.3.1 Abio logica l  Chemical A c t i v i t y  

The a b i o l o g i c a l  chemical a c t i v i t y  of i n t e r e s t  

inc ludes  t h e  chemical r eac t ions  which could poss ib ly  be a s s o c i -  

a t e d  wi th  o r  involving b i o l o g i c a l l y  s i g n i f i c a n t  m a t e r i a l s ,  bu t  

n o t  n e c e s s a r i l y  i n d i c a t i v e  of b i o l o g i c a l  processes .  This i n -  

c ludes  organic  chemical r eac t ions  and changes i n  t h e  concen- 

t r a t i o n  o r  d i s t r i b u t i o n  by nonbiological  processes .  Also i n -  

cluded are I C L ~ L ~ U L I ~  irlvoiving nydrogen and oxygen, and poss ib ly  

t h e  formation of such compounds a s  amino a c i d s ,  p r o t e i n s ,  and 

enzymes. Reactions involving such elements a s  those above a r e  

of  importance i n  determining the  presence of a c t i v e  organic  

chemical processes  of b i o l o g i c a l  s i g n i f i c a n c e .  The a t t r i b u t e s  

which should be  inves t iga t ed  in  o rde r  t o  eva lua te  p o s s i b l e  

a c t i v i t y  a r e ,  carbon, hydrogen, and oxygen r e a c t i o n s .  

Sampling w i l l  be use fu l  i n  determining whether Mars i s  support- .  

ing a p resen t  organic  chemical a c t i v i t y  which i s  nc>w biological- .  

The ex i s t ence  of a c t i v i t y  should n o t  be r e s t r i c t e d  t o  

any one t y p e  of m a t e r i a l  (and, t h e r e f o r e ,  samples should be 

taken of both consol ida ted  and unconsDlidated m a t e r i a l s ) .  How- 

ever  sampling should be l imi ted  t o  t h e  near  sur face  s i n c e  t h i s  

i s  where chemical changes w i l l  probably be most a c t i v e .  I f  

p re sen t  a b i o l o g i c a l  a c t i v i t y  does e x i s t  on tlie su r f ace  OF- Mars, 

it should be r a t h e r  widespread and n o t  r e s t r i c t e d  t o  s m a l l  

i s o l a t e d  a r e a s .  Therefore ,  only a few s i t e s  widely d i s t r i b u t e d  

should be  adequate  f o r  the d e t e c t i o n  of t h i s  type a c t i v i t y  

f r o m  samples.  
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3 . 3 . 2  S e i s m i c  Ac t iv i ty  

S e i s m i c  ac t iv i ty  i s  u s u a l l y  defir ,ed a s  quake 

a c t i v i t y  which r e s u l t s  from the r ap id  movement of l a r g e  blocks 

of rocks,  p a r t i c u l a r l y  along a l i n e  of f a u l t .  W e  have f o r  t h e  

sake of  completeness included o the r  t y p e s  of seismic a c t i v i t y  

which a l s o  genera te  shock waves. They a r e  (1) quakes,  

( 2 )  m e t e o r i t i c  impacts,  ( 3 )  volcanic  explos ions ,  and ( 4 )  micro- 

seisms. A l l  t hese  are considered t o  be important f o r  under- 

s tanding  a l l  t h e  processes  which might be respons ib le  f o r  

seismic a c t i v i t y  upon and within Mars. 

t h e r e f o r e ,  have been designated a s  t h e  a t t r i b u t e s  of seismic 

a c t i v i t y  . 

The above processes,  

The presence and level (magnitude and r a t e  of occur- 

rence)  of  seismic-quake and volcanic-explosion a c t i v i t y  d e t e c t -  

a b l e  a t  t h e  s u r f a c e  a r e  i n d i c a t i v e  of t h e  s t ress  bui ldup wi th in  

a p l a n e t a r y  body. They a r e  considered, t h e r e f o r e ,  t o  be impor- 

t a n t  keys i n  determining t h e  p l a n e t ' s  thermal and t e c t o n i c  

h i s  t o r y .  

Me teo r i t i c  impact and microseismic a c t i v i t y ,  on t h e  

o t h e r  hand, a r e  important i n  t h a t  they provide p e r t i n e n t  i n f o r -  

mation regarding t h e  l e v e l  of  a c t i v i t y  of e x t e r n a l  and s i i r face 

a c t i v i t y .  Microszisms are t h e  low- frequency a c t i v i t i e s  

generated by such th ings  a s  l a n d s l i d e s ,  wind, e t c .  Of t h e  

d i f f e r e n t  types of processes  respons ib le  f o r  seismic a c t i v i t y ,  

on ly  m e t e o r i t i c  i m p a c t s  and volcanic  explosions can be r e a d i l y  

determined by sampling. Sampling by i t s e l f ,  however, w i l l  not 
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give the complete picture of present activity since samples 

must be taken of materials already laid down. In order to 

determine if both meteoritic and seismic activity are presently 

active on Mars, it is necessary to sample surface materials 

which will permit an interpretation as to the mechanism respon- 

sible for its existence. In the case of meteoritic activity, 

samples should be taken of unconsolidated material around what 

would appear to be a meteoritic impact feature. On the other 

hand, both consolidated and unconsolidated material should be 

sampled of features which appear to be of volcanic origin. 

Unconsolidated volcanic material is derived from subsurface 

explosions and is known as pyroclastic material. The con- 

solidated material is formed from molten material pouring out 

of a surface vent or fracture and is in the form of lava. 

Surface samples should be required at only a small number of 

sites, if the sites are selected with respeci ta specific types 

of  features which appear to be indicative of these two types 

of activity. Sampling should also be restricted to the Martian 

surface areas where relatively young rock or rock materials 

appear to be exposed. 

3 . 3 . 3  - Erosional, Depositional, and Transportational 
Processes 

These processes are those which are responsible 

for wearing down, moving, and redepositing materials which make 

up the outer portion of the planet. The sum of  the processes 

responsible for wearing down or reducing the height of landmasses 
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and landforms has been termed denudation. P i s ,  Bn many eases, 

would inc lude  t h e  same processes  which t r a n s p o r t  and depos i t  

materials. The d i f f e r e n c e  being i n  t h e  f i n a l  r e su l t s  a t  a 

s p e c i f i c  l o c a t i o n ,  e .g .  , i f  water i s  e roding  a t  a c e r t a i n  

l o c a t i o n  i t  i s  an  e r o s i o n  agent ,  whereas, i f  i t  i s  d e p o s i t i n g  

a t  a c e r t a i n  l o c a t i o n ,  i t  i s  a d e p o s i t i o n a l  agent  as w e l l  as 

being t h e  t r a n s p o r t a t i o n a l  agent between t h e  two l o c a t i o n s .  

The processes  which make up t h e  above t h r e e  c a t e g o r i e s  

are as fol lows:  (1) wind, (2)  temperature f l u c t u a t i o n s ,  

(3 )  slumping, ( 4 )  s o i l  creep, (5) wedging, (6) f l u i d i z a t i o n ,  

(7)  volcanism, (8) m e t e o r i t i c  impacts and (9) chemical r e a c t i o n s .  

The a c t i v i t y  of  t h e s e  processes  can be determined, i n  gene ra l ,  

by several i n v e s t i g a t i n g  techniques,  of which sampling i s  one. 

Sampling i s  not  d i r e c t l y  app l i cab le  t o  temperature  f l u c t u a t i o n s ,  

s o i l  c r eep ,  and wedging. These processes  must be determined 

by o t h e r  means as i n d i c a t e d  i n  Table 5 .  The o t h e r  processes  

are s a m p l e  a p p l i c a b l e  i n  t h a t  in ferences  can be made wi th  

r ega rd  t o  t h e i r  type from t h e  p r o p e r t i e s  recorded w i t h i n  t h e  

rocks  o r  mater ia ls .  The i n v e s t i g a t i o n  of  t h e  above a t t r i b u t e s  

which are sample a p p l i c a b l e  a r e  r e s t r i c t e d ,  f o r  t h e  most p a r t ,  t o  

sampling s u r f a c e  unconsol idated materials w i t h  t h e  except ion  

of volcanism. 

s i n c e  lava and p y r o c l a s t i c  m a t e r i a l s  may be depos i t ed  and t r a n s -  

p o r t e d  by vo lcan ic  a c t i v i t y .  

d e t e c t e d  i n  unconsol idated m a t e r i a l s .  

- 

Both types  of samples are  r equ i r ed  f o r  volcanism 

The o t h e r  a t t r i b u t e s  are only  
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Only a few s i tes  w i l l  b e  requi red  f o r  each o f  t h e  a t t r L -  

butes  providing adequate s i t e s  can be s e l e c t e d  remotsly i n  ad- 

vance.  

regions f o r  a l l  t h e  a t t r i b u t e s .  Samples should a l s o  be obta ined  

ad jacen t  t o  t h e  po la r  caps and along t h e  wave of darkening, 

e s p e c i a l l y  during t h e  sp r ing .  

Sampling should be  r e s t r i c t e d  t o  t h e  l i g h t  and dark 

3 . 3 . 4  Processes  Responsible f o r  Forming and Modifying 
Land Forms 

The e f f e c t s  of volcanism, e ros ion ,  depos i t i on ,  

impacts,  e t c .  on t h e  s u r f a c e  and near  subsurface a r e  v e r y  impor- 

t a n t  i n  understanding t h e  types of processes  r e spons ib l e  f o r  

t h e  evo lu t iona ry  changes of the p l a n e t .  The i d e n t i f i c a t i o n  of 

t h e  processes  respons ib le  f o r  t h e  su r face  s t r u c t u r e  of a planet.  

i n d i c a t e s  t h e  p re sen t  and p a s t  level of endogenic and exogenic 

a c t i v i t y .  For example, i f  t h e  subdued topography of t h e  Martian 

c r a t e r s  i s  found t o  be due t o  water e ros ion ,  t h i s  would d i r e c t l y  

i n d i c a t e  t h e  presence of  a hydrosphere during t h e  h i s t o r y  of 

Mars, a l though only small  t r aces  of water have been de tec t ed  

a t  t h e  su r face  r e c e n t l y .  The a t t r i b u t e s  which should be i n -  

v e s t i g a t e d  i n  o rde r  t o  provide su f f i c i . en t  information t o  accom- 

p l i s h  t h e  o b j e c t i v e s  l i s t e d  are:  (1) igneous m a t e r i a l s ,  

( 2 )  f o l d s ,  ( 3 )  f a u l t s ,  ( 4 )  subsidence,  (5)  m e t e o r i t i c  ampaci  

m a t e r i a l s ( 6 )  winds, and ( 7 )  f l u i d s .  

S ince  i t  i s  d i f f i c u l t  t o  measure processes  

r e spons ib l e  f o r  forming and modifying land forms, it i s  neces-  

s a r y  t o  deduce t h e  information requi red  through morphology 
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(shape and appearance) ,  s t r u c t u r e ,  and pe t ro iogy  of  f e a t u r e s .  

Thus, through i n v e s t i g a t i o n  of  the  shape, s t r u c t x e ,  n a t u r e  

and a s s o c i a t e d  m a t e r i a l s  of f ea tu re s ,  it i s  p o s s i b l e  t o  d e t e r -  

mine t h e  t y p e  of formation and modif icat ion processes  which 

have been a c t i v e  i n  t h e  p a s t  or p re sen t .  This i s  n o t  t h e  

only  way of determining t h e  type and magnitude of  a c t i v e  pro- 

ces ses ,  however, s i n c e  s e v e r a l  processes  expend p a r t  of t h e i r  

energy i n  such a way a s  t o  e a s i l y  be de t ec t ed  by phys ica l  

measurements. Various techniques may be used s e p a r a t e l y  o r  i n  

combination. These a r e  ind ica ted  i n  Table 5 .  

The use  of  sampling t o  i n v e s t i g a t e  t h e  above a t t r i b u t e s  

i s  s i m i l a r  t o  t h a t  descr ibed for  t he  a t t r i b u t e s  l i s t e d  under 

e ros ion ,  d e p o s i t i o n a l  and t r a n s p o r t a t i o n a l  processes ,  i n  t h a t  

t h e r e  is  a mixture  of requirement f o r  consol ida ted  and uncon- 

s o l i d a t e d  m a t e r i a l s  from both the  s u r f a c e  and subsur face  

m a t e r i a l s .  However, t h e r e  a r e  sone d i f f e r m c e s  sir 'ce t h e r e  

a r e  some a d d i t i o n a l  processes  which must: be i n f e r r e d  from 

samples  t h a t  a r e  n o t  included i n  t h e  previous d e s c r i p t i o n .  

They are  fo ld ing ,  f a u l t i n g ,  and subsidence.  Sampling these  

a t t r i b u t e s  requires  samples of  consol ida ted  m a t e r i a l s  of  both 

t h e  s u r f a c e  and subsurface m a t e r i a l s .  These requirements a r e  

based on t h e  cons ide ra t ion  t h a t  only t h c  cansa l ida t ed  materials 

record  t h e  movement involved and t h a t  much of t h e  requi red  i n -  

formation i s  recorded i n  ma te r i a l s  below t h e  s u r f a c e .  Only a 

s m a l l  number of s i tes  should b e  r equ i r ed  t o  f u l f i l l  t h e  r equ i r e -  

ments f o r  t he  a t t r i b u t e s  i n  t h i s  group. 
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3.3.5 Nuclear Processes 

Nuclear processes can be determined tnrough an 

eva lua t ion  of  t h e  i s o t o p i c  abundances and r a t i o s .  The r a t i o s  

and abundances a r e  i n d i c a t i v e  of t h e  kind and e x t e n t  of  f r a c -  

t i o n a t i o n  t h a t  has  occurred during t h e  h i s t o r y  of  t h e  p l a n e t .  

This  i s  accomplished i n  conjunction wi th  r a d i o a c t i v e  d a t i n g .  

The i d e n t i f i c a t i o n  and the  determinat ion of  t h e  abundances 

of i so topes  w i l l  a l s o  h e l p  t o  eva lua te  t h e  level of p a s t  and 

p r e s e n t  cosmic ac t iv i ty .  

The a t t r i b u t e s  which r e l a t e  t o  the  nuc lea r  processes  

a r e :  (1) cosmic ray f l u x ,  (2)  cosmic ray  s p e c t r a ,  (3)  r a d i a t i o n  

l e v e l ,  and ( 4 )  rock r a d i o a c t i v i t y .  O f  t hese ,  sampling i s  only  

a p p l i c a b l e  t o  rock r a d i o a c t i v i t y .  

determined by geophysical  sensing. 

from both  t h e  s u r f a c e  and subsurface and of  consol ida ted  and 

unconsol idated m a t e r i a l s ,  a s  r ad ioac t ive  elements a r e  l i k e l y  

t o  be i n  both  t y p e s  of ma te r i a l s .  

t o  determine i f  r a d i o a c t i v e  elements a r e  p re sen t  w i th in  t h e  

Martian s u r f a c e  rocks should be small  s i n c e  r a d i o a c t i v e  elements 

would be expected t o  be widespread ( i t  i s  t h e  t y p i c a l l y  high 

concent ra t ions  of t hese  elements which a r e u s u a l l y  confined t o  

l o c a l i z e d  a r e a s  on t h e  Earth; .  

The o t h e r  a t t r i b u t e s  a r e  

Samples should be obta ined  

The number of  s i tes  r equ i r ed  
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3 . 4  Chemical Composition 

The chemical composition is used here in the broadest 

sense. It includes not only the chemical composition of Martian 

rock materials, but also the composition of the atmosphere. The 

composition of both are of utmost importance for understanding 

the present and past environmental conditions and for under- 

standing the past evolutionary history of Mars. 

Some major problems which possibly could be solved from 

a knowledge of the chemical composition are the relationship of 

Mars to the Earth, any parallel in development, and their rela- 

tionship to other terrestrial planets within the solar system. 

It is essential also in making comparisons between the times 

of any major events recorded in the rocks of both planets. 

In general, a knowledge of the chemical (i.e. , elemental, 
isotopic, and mineralogical) composition of the Martian surface, 

and how it varies over the suri'ace, d l 2  assist in making inter- 

pretations regarding the development and modification of the 

planet during recordable periods of geologic time. For example, 

if the upper region of the planet is abundant in the lighter 

elements, such as silica and alumina, there would appear to be 

a similarity in development between Mars and the Earth. 

While the ideniificatiun uf certaLn chenical elements 

provides information on the evolutionary development of the 

planets, the identification of certain other chemicals and chemi- 

cal compounds will provide valuable information on the probability 

or nonprobability of past or present living matter. Also ,  the 
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detection of certain chemical compounds will assist in evaluat-. 

ing the accumulation of foreign elements (i.e., solar, cosIzlic, 

and meteoritic) during a given period of geologic time. The 

objectives which should be accomplished in order to determine 

the chemical composition of  Mars are: (1) chemical composition 

of materials, ( 2 )  chemical composition of the atmosphere, 

( 3 )  composition of surficial fluids, ( 4 )  macromolecular distri- 

bution, (5) cosmic or other extra-Martian materials, and 

( 6 )  surficial water distribution. These objectives, the attri- 

butes which must be investigated, and the techniques applicable 

to investigating individual attributes are shown in Table 6 .  

In order to extrapolate the chemical composition to the inter- 

ior and over the planet's surface there is a definite require- 

ment for surface geophysical and remote sensing measurements 

and atmospheric sampling. The only objective to which surface 

sampling is not of vsllle i s  the chemi-cal composition of the at-, 

mosphere. In most cases, in order f o r  remote sensing to be of 

any value, ground truth is required through sampling. Once 

ground truth is acquired remote sensing can be utilized to 

extrapolate chemical properties over the planet's entire surface. 
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3 Table 6 

CHEMICAL COMF'OSITION 

I n v e s t i g a t i n g  
Objec t ives  Key A t t r i b u t e s  Techniques 

S ,RS 
Compos it ion Mineralogical  composition S,RS 
of  Ma te r i a l s  S , RS , GS 

but  ion S ,RS  

Molecular d i s  t r i b u t  ion 

~- 
R 
1 
81 

L. Chemical E lemen ta  1 compos it  ion  

Is0 t o p i c  compos it  ion  
Macromolecular d i s t r i -  

- 
2 .  Chemical Molecular i d e n t i f i c a t i o n  RS,AS 

Compos it ion  
of  t h e  
Atmosphere 

of Surf is i a  1 
Flu ids  

AS - ~ -  - 

- -- 
S,RS 3 .  Composition Liquid c o n s t i t u e n t s  m 

-__c 
I. - 
4 , Macromolecular Organic / p r o  t o  -organic 

8 
1 
I 
1 
1 

S,RS  D i s t r i b u t i o n s  mo 1 ecules  
- -c-- 

5 .  Cosmic o r  Other Mineralogical  i d e n t i f i -  
S ,RS Ext ra  -Martian c a t i o n  

Mater ia l  -- 
S,RS 

S , PM , RS , GS 
S , G S  

S , RS , GS 

6 .  S u r f i c i a l  Water Adsorbed water 
D i s t r i b u t i o n  Free water S ,  RS , GS 

I c e  
P e  rma fro s t 

Absorbed water 
Hydrated water S 

- 
Key: S = Surface Sampling 

v-  _ _  
L I  

RS = Remote Sensing 
GS = Geophysical Surveying 
PM = Photographic Mapping 
AS = Atmospheric Sampling 
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3 .4 .1  Chemical ComDosition of Mate r i a l s  

The l i t h o l o g y  and/or mineralogy of a p l ane ta ry  

s u r f a c e  i s  a d i r e c t  func t ion  of t h e  rock forming process  which 

has been a c t i v e  during t h e  h i s t o r y  of t h e  p l a n e t .  The presence 

of g r a n i t e  rocks i n  a p lane tary  c r u s t  i n d i c a t e s  a h igh  degree 

of d i f f e r e n t i a t i o n  both i n  t h e  upper mantle and c r u s t a l  reg ions ,  

whereas t h e  presence of l a r g e  q u a n t i t i e s  of b a s a l t i c  rocks in -  

d i c a t e s  a low degree of d i f f e r e n t i a t i o n .  The presence of s e d i -  

mentary rocks i n d i c a t e s  t he  a c t i v i t y  of  e ros ion ,  s o l u t i o n ,  and 

d e p o s i t i o n a l  processes .  The composition of su r face  m a t e r i a l s  

i s  given d i r e c t l y  by determining t h e  s u r f a c e  petrology and 

mineralogy and can be accomplished through t h e  i n v e s t i g a t i o n  

of t h e  fol lowing a t t r i b u t e s  of  chemical composition: 

(1) elemental  composition, (2)  minera logica l  composition, and 

( 3 )  i s o t o p i c  composition. 

Sampling m a t e r i a l s  i s  oile of t h e  b e s t  proven nethods of 

determining t h e  chemical composition. However, it i s  no t  t h e  

only technique,  s i n c e  sensors  (both remote and -- i n  s i t u )  

have been developed which can provide information on t h e  chemi- 

c a l  cornposition of minera ls ,  

samples should be taken of su r face  and subsurface Martian 

m a t e r i a l s  i n  order  t o  g e t  an i n d i c a t i o n  of t h e  chemical n a t u r e  

of t h e  c r u s t a l  m a t e r i a l ,  

chemical composition of Martian m a t e r i a l s  should be p o s s i b l e  

from a moderate number of wel l  s e l e c t e d  s i tes  wi th in  t h e  l i g h t  

and dark  s u r f a c e  a r e a s .  

Consolidated and unconsolidated 

A good f i r s t  approximation of t h e  

The p o l a r  regions where covered by 
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ice caps,should be excluded since it may be difficult to sample 

rock materials under the ice. 

3 . 4 . 2  Chemical Composition of the Atmosphere 

The identification of the chemical elements 

- 

which make up the Martian atmosphere, their relative abundances, 

and their distributions will provide much of the information 

required to determine its origin and evolution, interaction 

with the Martian surface, and energy exchanges with the Sun. 

This type of information will also be of great importance in 

helping to obtain a better insight into the origin and evolu- 

tion of our own atmosphere. 

The attributes which should be investigated with regard 

to the chemical composition of the Martian atmosphere are 

(1) molecular identification, (2) percentage abundances, and 

( 3 )  molecular distribution. 

Surface sampling is no t  dlrectly slpplicdblz ta the 

attributes as such. If, however, surface samples are taken in 

such a way as to preserve the atmospheric constituents, it woul-d 

be valuable for the atmosphere very n3ar the Martian surface. 

Otherwise atmospheric sampling and remote sensing are the only 

techniques applicable. 

3 . 4 . 3  Composition of Surficial Fluids 

The nature of surficial fluids on Mars may vary 

drastically from those found on Earth or any other planet, if 

in fact they exist at all. 

changed in composition throughout geologic time. 

The fluids will most probably have 

The materials 
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which are d isso lved  i n  the  l i q u i d s  are i n d i c a t i v e  of a t  l e a s t  

p a r t  o f  t h e  t y p e s  of processes  which have been a c t i v e  on t h e  

s u r f a c e .  

l o g i c a l  p rocesses ,  evaporat ion,  o r  chemical methods t o  produce 

c e r t a i n  l i t h o l o g i c  rock u n i t s ,  

Also, mate r i a l s  can be depos i ted  through bio-  

The ex i s t ence  and composition of s u r f i c i a l  f l u i d s  on 

Mars o r  any o t h e r  p l a n e t  can bes t  be determined with a combina- 

t i o n  of  s u r f a c e  sampling and remote sens ing  ( see  Table 6 ) .  

The exp lo ra t ion  f o r  su r face  f l u i d s  should be c a r r i e d  

o u t  over  t h e  e n t i r e  p l ane t  ( i . e . ,  p o l a r ,  l i g h t ,  and dark a r e a s ) .  

However, samples should only be taken of  unconsolidated su r face  

materials s i n c e  f o r  t h i s  ob jec t ive  w e  a r e  only concerned with 

t h e  f l u i d s  which are i n  r e l a t i v e l y  f r e e  form a t  t h e  Martian 

s u r f a c e .  A s m a l l  number of s i t e s  should be s u f f i c i e n t ,  pro- 

v i d i n g  t h e  s i tes  a r e  se l ec t ed  on t h e  b a s i s  of o r b i t a l  da t a .  

3 . 4 . 4  Macromoiecular D i swibu t ion  

The macromolecules are t h e  nonpolymerized 

molecules of very high molecular weight and of g r e a t  s t r u c t u r a l  

complexity ( e .g . ,  nuc le i c  a c i d s ,  pep t ides ,  p r o t e i n s ,  e t c , ) .  

The ex i s t ence  of complex macromolecules a r e  e s p e c i a l l y  of in -  

terest s i n c e  they a r e  a p r e r e q u i s i t e  

o r  a c t i v i t y .  The a t t r i b u t e s  f o r  determining t h e  d i s t r i b u t i o n  

of  macromolecules a r e :  (1) organic molecular d i s t r i b u t i o n ,  

and (2)  proto-organic  molecular d i s t r i b u t i o n .  

t o  any b i o l o g i c a l  process  

There a r e  two techniques which appear t o  be a p p l i c a b l e  

t o  i n v e s t i g a t i n g  t h e  two a t t r i b u t e s  of  macromolecular d i s t r i b u t i o n .  
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These are sampling and remote sensing. Remoce sensing is the 

most attractive since vast portions of the planetary surface 

can be covered in a relatively short period of time. 

sampling will most probably be essential in order to clearly 

identify the nature of the molecules. Since the macromolecular 

distribution is likely to be widely distributed about the 

planet, samples should be taken at only a small number of sites 

of both consolidated and unconsolidated materials. Sampling 

should be restricted to the immediate surface material since 

it is most likely to be concentrated within the first meter or 

two. 

However, 

3 . 4 . 5  Cosmic or Other Extra-Martian Materials 

The accumulation of extra-Martian materials on 

the Martian surface, such as meteorite material, should provide 

valuable information in determining the type and degree of 

activity during piesent as well as past periods of tifie. This 

is important for understanding the processes involved in chang- 

ing the nature of the Martian surface throughout geologic time. 

The only way to identify clearly the existence of foreign 

material is by examining the mineralogy of the surface materials 

Therefore, the measurement attribute for the objective o f  extra- 

Martian material is mineralogical idzntifLca:ion. Again, like 

the two preceding objectives, there is a possibility of utiliz- 

ing both sampling and remote sensing for this attribute. 

Sampling is an important investigating technique f o r  mineralog L- 

cal  identification. The detection of foreign materials on the 
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s u r f a c e  of  Mars should r e q u i r e  only a few s i t e s  c a r e f u l l y  

s e l e c t e d  about the  e n t i r e  p lane tary  s u r f a c e ,  

may prove t o  be excep t iona l ly  good f o r  d e t e c t i n g  cosmic 

materials, as a r e  t h e  po la r  regions on Earth.  Other fo re ign  

m a t e r i a l s  w i l l  most probably be more abundant around impact 

crater  s t r u c t u r e s .  Consolidated and unconsolidated samples  

should be obtained with emphasis on t h e  very near  s u r f a c e  and 

s u r f a c e  material. 

Tke p o l a r  caps 

3 . 4 . 6  S u r f i c i a l  Water D i s t r i b u t i o n  

The s u r f i c i a l  water conten t  of t h e  Martian crusrr 

i s  important f o r  many reasons.  The primary reasons a r e  r e l a t e d  

t o  geo log ica l ,  b i o l o g i c a l ,  and meteorological  cons ide ra t ions  I) 

This  inc ludes  water i n  t h e  following forms: (1) absorbed, 

(2 )  f r e e ,  ( 3 )  i c e ,  ( 4 )  permafrost ,  (5) hydrated,  and (6)  adsorbed 

These forms are t h e r e f o r e  considered t o  be t h e  a t t r i b u t e s  f o r  

i n v e s t i g a t i o n .  

There a r e  several inves t iga t ing  techniques which could 

poss ib ly  be  u t i l i z e d  f o r  i nves t iga t ing  t h e  above a t t r i b u t e s  

( see  Table 6 ) .  However, sampling i s  probably t h e  most impor- 

t a n t  of those l i s t e d .  

Free water ,  i c e ,  and permafrost  a r e  no t  n e c e s s a r i l y  

a s s o c i a t e d  wi th  rock m a t e r i a l s  and, t he re fo r? ,  t h e  consol ida ted  

and unconsol idated type ma te r i a l s  do n o t  apply ,  However, i f  

t h e s e  forms of water a r e  de tec ted  from o r b i t  o r  from t h e  su r face ,  

samples should be taken. 

t h e  d i s t r i b u t i o n  and forms of  water under t h i s  o b j e c t i v e ,  t h e  

Since w e  a r e  p r imar i ly  concerned wi th  
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o t h e r  t h r e e  forms ( i . e . ,  adsorbed, hydrated,  and absorbed) 

w i l l  r e q u i r e  t h a t  m a t e r i a l  samples taken of t he  Martian surfact? 

be analyzed t o  determine i f  t he re  is water i n  t h e  sample and 

i f  so,  i n  what form o r  forms does i t  e x i s t .  In  t h e  case of 

t h e  l a t t e r  t y p e s ,  samples should be taken of  consol ida ted  and 

unconsolidated m a t e r i a l s .  A modest number of s i tes  should 

s u f f i c e  t o  provide a reasonably good idea o f  t h e  d i s t r i b u t i o n  

of water about t h e  p l a n e t .  

3.5 H i s t o r y  of Events Recorded i n  Martian Rocks 

It must f i r s t  be r ea l i zed  t h a t  t h e  h i s t o r y  of a p l a n e t ,  

e s p e c i a l l y  i n  t h e  geologic  sense, encompasses many d i f f e r e n t  

f a c e t s  o f  many s c i e n t i f i c  d i s c i p l i n e s .  It i s  no t  p o s s i b l e  t o  

treat  t h e  d i f f e r e n t  d i s c i p l i n e s  a s  s e p a r a t e  e n t i t i e s  with r e -  

gard t o  h i s t o r y .  

t he  pe t rographic  rock p rope r t i e s  without a l s o  cons ider ing  t h e  

processes  respons ib le  €or the  rock formation, i t s  r e l a t i o n s h i p  

t o  t h e  loca l  s t r a t i g r a p h i c  column, t h e  environment i n  which i t  

w a s  formed, and poss ib ly  t h e  l i v i n g  organisms which e x i s t e d  a t  

t h e  time of formation,  

must b e  i n t e g r a t e d  wi th  r e spec t  t o  one another  and with time, 

i n  o r d e r  t o  g e t  a reasonably c l e a r  p i c t u r e  of  t h e  p a s t  plane- 

t a r y  h i s  t o r y  ., 

For example, one cannot conceive of examining 

A l l  of these parameters,  and more, 

To  e s t a b l i s h  l o c a l  s t r a t i g r a p h i c  columns, i n v e s t i g a t e  

s t r u c t u r a l  f e a t u r e s ,  and determine t h e  r e l a t i o n s h i p s  between 

s t r u c t u r a l  f e a t u r e s  and rock u n i t s ,  t h e  i n v e s t i g a t i o n  of  t he  
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e a r l y  h i s t o r y  of  Mars w i l l  probably r e q u i r e  long s p a c e c r a f t  

s t a y  t i m e s  and deep d r i l l i n g  techniques.  

However, i t  i s  p o s s i b l e  t o  o b t a i n  a good d e a l  of in -  

formation through surface exp lo ra t ion  techniques ,  provided t h a t  

they  are proper ly  c a r r i e d  o u t .  The normal procedure f o r  con- 

duc t ing  surface geo log ica l  o r  geophysical  i n v e s t i g a t i o n s  i s  

f irst  t o  o b t a i n  a topographic base map of t h e  gene ra l  area t o  be 

examined. 

graphy o r  surface surveying.  

a n  e x p l o r a t i o n  program i s  se t  up t o  determine both  t h e  l o c a l  

and r e g i o n a l  geology. Samples a r e  taken a t  t h e  v a r i o u s  out -  

croppings wi th  t h e  a t t i t u d e  (dip and s t r i k e )  of t h e  strata re- 

corded.  I n  the  case of Mars, e s p e c i a l l y  dur ing  unmanned missions,  

t h e  a t t i t u d e  of t h e  s t ra ta  should be determined by record ing  

t h e  o r i e n t a t i o n  of t h e  sample, 

This can be accomplished from e i t h e r  aer ia l  photo- 

Once t h e  base map i s  completed, 

If several key features ( s t r u c t u r a l  and s t r a t i g r a p h i c )  

are i n v e s t i g a t e d  i n  t h e  above manner, i t  should be p o s s i b l e  t o  

get  some g e n e r a l  i d e a  of t h e  pas t  h i s t o r y  of events which 

occur red  on Mars. This,  then, would provide va luable  informa- 

t i o n  on some of  t h e  more fundamental ques t ions  regard ing  t h e  

p rocesses  which had been modifying the  upper reg ion  of  t h e  

p l a n e t ' s  s u r f a c e  dur ing  l a t e r  geologic  pe r iods .  

The o b j e c t i v e s  which should be accomplished t o  g e t  a 

f a i r l y  c lear  p i c t u r e  of t h e  major events  which have 

taken p l a c e  dur ing  Mart ian h i s t o r y  are: (1) age of Mart ian 



m a t e r i a l s ,  (2 )  s t r a t i g r a p h i c  sequence of rock u n i t s ,  ( 3 )  re- 

l a t i o n s h i p  of s t r u c t u r a l  f e a t u r e s ,  and ( 4 )  remnznt nlagr,etism. 

There i s  only one a t t r i b u t e  l i s t e d  under t h e  His tory  

of Events o b j e c t i v e  t o  which sampling i s  n o t  a p p l i c a b l e ,  and 

t h a t  i s  morphology, which should be determined p r i m a r i l y  by 

photographic mapping ( see  Table 7 ) .  

can be u t i l i z e d  i n  t h e  same way as they a r e  f o r  chemical pro- 

p e r t i e s ,  i . e . ,  by ex t r apo la t ing  da ta  over t h e  p l a n e t ' s  s u r f a c e ,  

The only a t t r i b u t e  where remote sens ing  techniques a r e  no t  used 

i n  suppor t  of sampling i s  f o r  de t ec t ion  of remnant magnetic 

f i e l d s .  

determine t h i s  proper ty .  

Other i n d i c a t e d  techniques 

Martian s u r f a c e  rocks must be sampled i n  o rde r  t o  

The above l i s t e d  ob jec t ives  a r e  presented  along wi th  

r e l a t e d  a t t r i b u t e s  and i n v e s t i g a t i n g  techniques i n  Table 7 .  

3 .5 .1  Age of Martian Materials 

Thz determinat ion of re la tLve  and abso lu te  ages 

of rock u n i t s  w i l l  provide t h e  means f o r  unrave l ing  t h e  p a s t  

geologic  h i s t o r y  of Mars through t h e  technique of s t r a t i g r a p h y ,  

S t r a t i g r a p h y  i s  b a s i c a l l y  t h e  establ ishment  of  s t r a t i g r a p h i c  

columns o r  chronologica l  sequence of events  and environmental 

changes as recorded i n  rocks which make up t h e  s t r a t i g r a p h i c  

column. Through zhc use a f  s tya t lg raphy ,  rock mits can be 

t r a c e d  over  s h o r t  and long d i s t ances  g iv ing  both t h e  l o c a l  and 

r e g i o n a l  cond i t ions .  

f r o m  r a d i o a c t i v e  i so topes  and t h e i r  r e l a t i v e  p o s i t i o n  with 

Through age determinat ion of rock u n i t s  
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Table 7 

HISTORY OF EVENTS 

I n v e s t i g a t i n g  
Ob j ec t ives Key A t t r i b u t e s  Techniques 

1. Age o f  
Mart ian 
Mater i a  1 

S RS GS Radioac t iv i ty  
Rela t ionship  of rock 

u n i t s  S RS GS GM 

2. S t r a t i g r a p h i c  Superposi t ion of  rocks S RS GS GM 
Sequence of  Radioactive ages S RS GS 
Rock Units  S t r a t i g r a p h i c  con tac t s  S RS GS GM 

c a t i o n  S RS GS GM 
Petrographic  c l a s s i f i -  

3 .  Rela t ionship  Bedding S RS GS GM 
o f  S t r u c t u r a l  S t r a t i g r a p h i c  con tac t s  S RS GS GM 
Fea tures  A t t i t u d e  of s t r a t a  S GS GM 

Morpho 1 ogy PM 
Petrology S RS GS GM 

~ ~~~~ 

4 .  Remnant Rock magnetic f i e l d s  S 
Magnet i s m  

Key: S = Surface Sampling 
RS = Remote Sensing 
GS = Geophysical Surveying; . , v  

GM = Geoiogical Mapping 
PM = Photographic Mapping 
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r e s p e c t  t o  one another  i t  i s  poss ib l e  t o  determine t h e  approxi-  

m a t e  t i m e  o f  formation of t h e  rocks.  

The a t t r i b u t e s  which must be i n v e s t i g a t e d  with r e s p e c t  

t o  t h e  age of Martian ma te r i a l s  a r e  ( l ) r a d i o a c t i v i t y ,  and 

( 2 )  t h e  r e l a t i o n s h i p  of rock u n i t s .  

of m a t e r i a l s  are r e s t r i c t e d  t o  consol ida ted  rocks which con ta in  

r a d i o a c t i v e  elements.  On the  o t h e r  hand, r e l a t i v e  ages of many 

rock u n i t s  can be determined f o r  bo th  unconsolidated and conso l i -  

da ted  m a t e r i a l s  by t h e i r  p o s i t i o n  wi th in  t h e  l o c a l  s t r a t i g r a p h i c  

column. Therefore ,  samples f o r  both abso lu te  and r e l a t i v e  age 

de te rmina t ions  should be taken of s u r f a c e  and subsurface mater- 

i a l s  a t  several l o c a t i o n s  within t h e  l i g h t  and dark s u r f a c e  

a r e a s  of Mars. 

mation regarding t h e  approximate ages of s u r f a c e  and nea r - su r face  

m a t e r i a l  can be obta ined .  

Absolute age determinat ions 

I f  t h i s  i s  done proper ly ,  a good d e a l  of i n f o r -  

3 . 5 . 2  Stratigraphic Sequence of  R x k  U p i t z  

The s t r a t i g r a p h i c  sequence of rock u n i t s  i s  bet ter  

known as t h e  s t r a t i g r a p h i c  column a t  a p a r t i c u l a r  l o c a t i o n .  

However, due t o  p o s s i b l e  l o c a l  d i s turbances  i n  t h e  p a s t  t h e r e  

may be s i t u a t i o n s  where t h e  s t r a t a  have been overturned,  t i l t e d ,  

o r  sheared.  

t h e  condi t ions  of t h e i r  depos i t ion ,  theLr zha rac t e r ,  and d i s t r i -  

bu t ion .  The a t t r i b u t e s  which must be inves t iga t ed  t o  accomplish 

t h e  de te rmina t ion  of t h e  genera l  s t r a t i g r a p h i c  column a r e :  

(1) supe rpos i t i on  of rocks,  (2 )  r a d i o a c t i v e  ages,  (3) s t r a t i -  

g raphic  c o n t a c t s ,  and ( 4 )  pet rographic  c l a s s i f i c a t i o n ,  

The s tudy of rock s t r a t a  provides  information on 
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Sampling is  app l i cab le  t o  i n v e s t i g a t i n g  a l l  t h e  above 

a t t r i b u t e s  a s  a r e  o t h e r  techniques much t h e  same a s  they a r e  

f o r  t h e  preceding o b j e c t i v e .  However, t h e  s t r a t i g r a p h i c  se- 

quence of  rock u n i t s  a t  any one l o c a t i o n  w i l l  r e q u i r e  many 

samples of subsurface ma te r i a l s  i f  t h e r e  a r e  not  s u f f i c i e n t  

outcrops wi th in  t h e  genera l  region t o  permit e x t r a p o l a t i o n  

from t h e  s u r f a c e  t o  t h e  subsurface.  A l so ,  t o  p e r m i t  t h e  

es tab l i shment  of a s t r a t i g r a p h i c  column t h e  d i p  and s t r i k e  of 

t h e  outcropping rock u n i t s  must be known. 

gene ra l  knowledge of t h e  s t r a t i g r a p h i c  sequence of Martian 

rocks w e  a r e  confining ourselves t o  t h e  l a r g e  rock t y p e s  which 

are exposed o r  very  near  t h e  sur face .  I f  consol ida ted  and un- 

consol ida ted  samples a r e  obtained a t  a moderate number of su r -  

f ace  si tes,  i t  should be poss ib le  t o  g e t  a f a i r l y  good idea of 

t h e  s t r a t i g r a p h i c  n a t u r e  of the c r u s t a l  region of Mars. 

samples  should a l s o  3e r e s t r i c t e d  t o  t h s  l i g h t  and dark a r e a s  

of t h e  s u r f a c e  where outcrops a r e  a v a i l a b l e  f o r  sampling. 

For a 

The 

3 . 5 . 3  Rela t ionship  of S t r u c t u r a l  Fea tures  

A major p a r t  of t h e  h i s t o r y  of  a p l a n e t  i s  

probably recorded i n  t h e  rocks which make up t h e  f i r s t  few 

k i lometers  of i t s  c r u s t a l  region. 

c a l l y  be thought of as  d i f f eyen t  t y p e s  of m a t e r i a l s  and s t r u c -  

t u r a l  f e a t u r e s ,  both being formed and modified by processes  

which w e r e  a c t i v e  sometime during i t s  h i s t o r y .  

of  t h e  important a spec t s  of Martian exp lo ra t ion  i s  t h e  

The c r u s t a l  reg ion  can l o g i -  

Therefore,  one 
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i n v e s t i g a t i o n  of t h e  r e l a t i o n s h i p  of s t r u c t u r a l  f e a t u r e s  a s  

determined by t h e i r  p o s i t i o n  in  t h e  s t r a t i g r a p h i c  columa. 

The r e l a t i o n s h i p  between s t r u c t u r a l  f e a t u r e s  i s  d e t e r -  

mined through t h e  i n v e s t i g a t i o n  of such a t t r i b u t e s  as (1) bed- 

ding,  (2 )  s t r a t i g r a p h i c  con tac t s ,  (3 )  a t t i t u d e  of s t r a t a ,  

( 4 )  morphology, and (5) petrology.  

a l l  t h e  above a t t r i b u t e s  with the  except ion of morphology. 

Morphology which i s  t h e  appearance of land o r  s t r u c t u r a l  

f e a t u r e s  can only be determined by photographic mapping tech-  

n iques .  The o t h e r  a t t r i b u t e s  can a l s o  be determined by tech-  

niques o t h e r  than sampling a s  ind ica t ed  i n  Table  7.  

should be taken of both consol idated and unconsolidated mater- 

i a l s  of t h e  s u r f a c e  and subsurface,  with t h e  except ion of t h e  

a t t i t u d e  of s t ra ta .  This i s  determined by sampling conso l i -  

dated m a t e r i a l s  and recording the  o r i e n t a t i o n  with r e s p e c t  t o  

some re fe rence  p o i n t .  To dstermine thz  r e k t i o n s h i p  between 

two S t r u c t u r a l  f e a t u r e s  i t  should only be necessary t o  sample 

a s m a l l  number of c a r e f u l l y  s e l e c t e d  s i t e s ,  

s t r u c t u r a l  f e a t u r e s  are r e s t r i c t e d  t o  t h e  exposed Martian s u r -  

Sampling is  a p p l i c a b l e  t o  

Samples 

Since v i s i b l e  

f a c e  t h e  si tes 

a r e a s .  

3.5 .4  

as recorded i n  

should be loca ted  only i n  t h e  l i g h t  and dark 

Rennaat Magnetism 

Through t h e  d e t e c t i o n  of remnant magnetic f i e l d s  

igneous rocks,  i t  i s  p o s s i b l e  t o  determine a 

g r e a t  d e a l  about t h e  changes i n  d i r e c t i o n  of t h e  p l a n e t ' s  

magnetic f i e l d  o r  changes i n  genera l  d i r e c t i o n  of masses of rock. 
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This is important in studying reversals in the magnetic field 

as a function of time and to studying the migration of fairly 

large masses of rock. It is fairly obvious that the attribute 

which must be investigated with respect to accomplishing the 

remnant magnetism objective is rock magnetic fields. The most 

appropriate investigating technique is sampling and it is 

essential that the orientation of the samples be known accur- 

ately. 

Sampling again shouldbe restricted to the light and 

dark areas of the Martian surface, with samples obtained from 

only consolidated materials of the surface and subsurface. 

A s  indicated under the investivation of magnetic fields, 

the only rocks which record magnetic fields are those which 

have magnetic susceptibility and permeability. 
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4 .  SAMPLING CONSTRAINTS IMPOSED BY O B i E J T I V E S  

The s c i e n t i f i c  ob jec t ives  of Martian e x p l o r a t i c n  impose 

a number of c o n s t r a i n t s  upon su r face  m a t e r i a l  sampling. 

c o n s t r a i n t s  which a r e  considered of major importance a r e  p r e -  

sen ted  i n  Table 8. Such c o n s t r a i n t s  a r e  always inherent  i n  

any sampling program - t h e  c o n s t r a i n t s  a r e ,  of  course,  dependent 

upon t h e  o b j e c t i v e s ,  t h e  sampling system, t y p e  sample d e s i r e d ,  

and t h e  b a s i c  n a t u r e  of  t h e  c r u s t a l  region of t h e  p l ane ta ry  

body under i n v e s t i g a t i o n .  

Those 

I n  many cases  t h e  sampling requirements f o r  any one 

a t t r i b u t e  w i l l  s a t i s f y  t h e  sampling requirements f o r  a number 

of  o t h e r  a t t r i b u t e s ,  i . e . ,  there  i s  a g r e a t  d e a l  of commonality 

between many a t t r i b u t e s  a s  f a r  a s  sampling requirements a r e  

considered.  Therefore ,  when conducting an exp lo ra t ion  program 

by sampling, i t  w i l l  no t  be necessary t o  o b t a i n  samples of  a s  

many s i t e s  as might seem t o  be ind ica t ed  17he3 c m s i d e r i n g  the  

number of  a t t r i b u t e s  ind iv idua l ly .  

Table 8 p resen t s  t h e  var ious exp lo ra t ion  ob jec t ives  and 

t h e  r e l a t e d  a t t r i b u t . e s  f o r  the  cases  where sampling was found 

t o  be a p p l i c a b l e  i n  Sec t ion  3 .  The c o n s t r a i n t s  imposed upon 

sampling by t h e  o b j e c t i v e s  a r e  presented i n  the  t h i r d  through 

t h e  n i n t h  columns. The estimated r e l a t i v e  vnlu5s f o r  sampling 

(mul t ip le  s i t e s )  and f o r  s i n g l e  samples ( s i n g l e  s i t e )  t o  

accomplish t h e  o b j e c t i v e s  are presented i n  columns 10 and lld 
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The c o n s t r a i n t s  vary  somewhat from o t j e c t i v e  t o  objec-  

t i ve  and from a t t r i b u t e  t o  a t t r i b u t e .  The e n t r i e s  i n  Table 8 

have, been der ived,  t o  a l a r g e  ex ten t , f rom t h e  d i scuss ion  of 

i nd iv idua l  o b j e c t i v e s  i n  Sect ion 3 .  Since it would be r epe t i -  

t ive  t o  a t t e m p t  t o  j u s t i f y  each of t h e  e n t r i e s  i n  t h i s  t a b l e ,  

e n t r y  by e n t r y ,  w e  w i l l  only attempt t o  g ive  t h e  gene ra l  

r a t i o n a l e  f o r  each column. The number of samples requi red  a t  

a given s i t e  i s  dependent , to  some ex ten t ,upon t h e  sample type 

( i . e . ,  consol ida ted  and unconsolidated) and t h e  depth r equ i r e -  

ments.  However, t h e r e  a r e  o ther  requirements which must be 

taken i n t o  cons ide ra t ion .  For example, i t  is  r a t h e r  obvious 

that: t o  d e l i n e a t e  t h e  na tu re  of a s t r u c t u r a l  f e a t u r e  both s u r -  

face and subsxrface samples a re  r equ i r ed .  F o r  some f e a t u r e s  

t h r e e  o r  four  samples may be  adequate,  bu t  f o r  o t h e r s  many 

more would be r equ i r ed .  Therefore,  we have no t  attempted t o  

s p e c i f y  t h e  number of samples requi red  a t  each s i t e  bLit hsve 

s i m p l y  assumed t h a t  t h e  appropr ia te  number w i l l  be obta ined ,  

The following subsect ions d i scuss  each of  t h e  major 

c o n s t r a i n t s  l i s t e d  i n  Table 8 .  

4 . 1  Type Sample 

Column 3,  "Type Sample," i n d i c a t e s  whether t h e r e  

i s  a requirement f o r  consol ida ted ,  uncorsol-idated,  o r  both 

t y p e s  of samples.  These a r e  shown by t h e  symbols "C" f o r  con- 

s o l i d a t e d  and "UCff f o r  unconsol idated.  A s  i s  ind ica t ed  i n  t h i s  

column, t h e r e  i s  a mixture  of sample t y p e  requirements .  Those 

a t t r i b u t e s  which r e q u i r e  both consol idated and unconsolidated 
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samples are restricted to those properties (whether they be 

biological, geological, geophysical, etc.) which exhibit them- 

selves in all types of materials. The detection of fossil; is 

a good example of the requirement for both consolidated and un- 

consolidated materials. Fossils may be preserved in material 

which was once unconconsolidated but has subsequently become 

consolidated, or they may be present in material which has be- 

come unconsolidated due to erosion and/or weathering. 

natively, a remnant magnetic field can only be recorded in con- 

solidated rocks, while the presently active processes of wind 

erosion and deposition can only be recorded in unconsolidated 

material. 

cross bedding characteristics in rocks which were once consoli- 

dated but have subsequently become consolidated. 

4.2  Sample Depth 

Alter- 

Past wind deposition can be detected however by 

Sampling depth requirements appear in column 4 and 

only indicate the need for surface (designated by "S") and/or 

subsurface (designated as "SS") samples. In the context of 

this report, surface indicates the first meter or two, and 

subsurface indicates from two meters down to about ten meters 

or more below the surface. Most of the attributes require that 

samples be obtained from both the surface and subsurface. 

However, several attributes require only surface samples. 

There seems to be no situation which requires only subsurface 

samples. However this is somewhat deceptive since there is 
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t h e  l i k e l i h o o d  t h a t  t h e  f i r s t  few meters of t he  s u r f a c e  i s  

blanketed wi th  unconsolidated ma te r i a l  l eav ing  very  l i t t l e  

exposed consol ida ted  rock. Since w e  do no t  know t h e  a c t u a l  

condi t ions  of  t h e  Martian sur face  a t  t h i s  t i m e ,  we s h a l l  

assume t h a t  t h e r e  a r e  both types o f  m a t e r i a l s  w i th in  any given 

landing s i t e .  

Those a t t r i b u t e s  which r e q u i r e  both su r face  and sub- 

s u r f a c e  samples inc lude  those f e a t u r e s  and processes  which are 

no t  dependent upon e x t e r n a l  condi t ions ,  bu t  a r e  r a t h e r  more 

i n t e r n a l  i n  na tu re  o r  a r e  preserved i n  s u r f a c e  and subsurface 

m a t e r i a l s .  For example, a f o l d  which i s  usua l ly  produced by 

i n t e r n a l  processes  i s  recorded i n  t h e  s t r a t a  a t  t h e  s u r f a c e  a s  

~ 7 e l l  as t h e  subsurface.  S i m i l a r l y ,  those a t t r i b u t e s  which a r e  

confined t o  only su r face  ma te r i a l s  a r e  gene ra l ly  produced by 

processes  i n  t h e  su r face  ma te r i a l s  o r  e x t e r n a l l y .  This  gener- 

a l i z a t i o n  does have except ions,  hcwever. For example, meteor- 

i t i c  impacts pene t r a t e  t h e  su r face  and subsurface t o  produce 

f e a t u r e s  and m a t e r i a l  c h a r a c t e r i s t i c s  which can be de t ec t ed  i n  

both t h e  su r face  and subsurface rocks .  

4.3 Area Coverage 

The a r e a  coverage requirement i s  presented ( c o l u r r ~  5)  

p r imar i ly  t o  i n d i c a t e  t o  what ex ten t  d a t a a r e  r equ i r ed  about t h e  

landing s i tes .  

t h e  s i t e  a r e a  coverage required p e r  a t t r i b u t e .  

l o c a l ,  and r eg iona l .  

There a r e  t h r e e  des igna t ions  used t o  d e s c r i b e  

They a r e  p o i n t ,  
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Poin t  coverage i n d i c a t e s  t h a t  t h e r e  i s  no requirement 

f o r  samples beyond t h e  immediate area of t h e  po in t  of landing,  

i . e . ,  w i t h i n  a f e w  meters of t h e  s p a c e c r a f t .  This i s  based on 

t h e  c o n s i d e r a t i o n s  t h a t  i f  t he  a t t r i b u t e  i s  not  a t  t he  landing  

po in t  i t  i s  no t  l i k e l y  t o  be present  w i t h i n  the  gene ra l  area, 

and t h a t  t h e r e  i s  no requirement t o  e x t r a p o l a t e  t h e  d a t a  beyond 

t h e  one p o i n t .  A good example of t h i s  would be i n  the  case 

o f  magnetic f i e l d s  and a consol ida ted  sample. A sample i s  

taken of t h e  rock t o  determine t h e  d i r e c t i o n  and poss ib ly  

t h e  s t r e n g t h  of t h e  Martian paleomagnetic f i e l d  a t  t h e  p o i n t  of 

landing .  This should be adequate f o r  t h i s  a t t r i b u t e  since t h e  

l i k e l i h o o d  of  d i f f e r e n t  rock u n i t s  being i n  t h e  gene ra l  area 

i s  low. There i s  a l s o  no i m m e d i a t e  need t o  e x t r a p o l a t e  t h e  

d a t a  beyond t h i s  p o i n t  s i n c e  t h e  magnetic f i e l d  i s  not l i k e l y  

t o  va ry  a great  d e a l  w i t h i n  the g e n e r a l  area. 

The local-coverage des igna t ion  impl ies  t h a t  t h e r e  i s  a 

need t o  take samples beyond the  immediate p o i n t  of  landing  pos- 

s i b l y  out  t o  several hundred meters,  and t h a t  t h e r e  is p o s s i b l y  

a need t o  e x t r a p o l a t e  d a t a  t o  a l oca l  scale t o  p e r m i t  a reasonable  

i n t e r p r e t a t i o n  of  t h e  a t t r i b u t e .  For example, t h e  e x p l o r a t i o n  

f o r  hydrocarbons r e q u i r e s  t h a t  samples be taken of t h e  l o c a l  

area around t h e  feature which they are l i k e l y  t o  be a s s o c i a t e d  

w i t h .  

F i n a l l y ,  t h e  r e g i o n a l  coverage requirement i s  q u i t e  

s i m i l a r  t o  t h e  l o c a l  coverage, but d i f f e r s  i n  t h a t  t h e r e  i s  a 
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definite need to sample a much larger area around the landing 

site, which would provide data necessary to interpret regional 

distribution or condition. For example, to investigate the 

structural nature of large features it would probably be nec- 

essary to take samples over an area of some hundred of square 

kilometers in order to get the general trend of the rock units 

within the area. 

4.4 Minimum Number of Sites 

The number of sites required, as designated in column 6 

are based on several considerations, depending, of course, upon 

the attribute under investigation. The considerations are: 

(1) likely distribution, ( 2 )  probable concentration, ( 3 )  the 

possible types of land forms, and ( 4 )  the three basic types of 

Martian surfaces (i,e., polar, light, and dark). The minimum 

number of sites per attribute include 2-4, 3-6, 4-8, 8 -10 ,  

and 20-30. 

The numbers 2-4 indicate a requirement for one to two 

sites of a particular type feature and of materials associated 

with a particular feature. A s  an example, to determine the 

structural properties of land forms caused by faulting (i.esJ 

grabens, horsts, clifts, etc.) a minimum of two such features 

should be examined to deternine the prccessea (from the associ- 

ated material) responsible for forming particular classes of 

land forms. 

The 3 - 6 site requirement indicates that there 

is a need to sample materials at one to two sites in each of 
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t h e  t h r e e  d i f f e r e n t  types of sur faces  ( i . e s 9  po la r ,  l i g h t ,  and 

da rk ) .  An example is  the  inves t iga t ion  of f l u i d i z a t i o n .  

Since f l u i d s  may be a process  i n  a l l  t h r e e  types of areas, each 

area type should be sampled a t  least  once t o  determine t h e  ex- 

t e n t  of p r e s e n t  a c t i v i t y .  

The 4 - 8 s i t e  requirement i s  based on t h e  need 

t o  examine t h e  na ture  of materials i n  only t h e  l i g h t  and dark  

areas. Rock r a d i o a c t i v i t y  i s  a good example. Since rocks a r e  

be l ieved  t o  be exposed i n  t h e  l i g h t  and dark areas, samples 

should be taken a t  two t o  four  s i t e s  w i t h i n  each of t hese  

areas f o r  a t o t a l  of fou r  t o  e ight  s i tes .  T h i s  number of s i t e s  

should be adequate t o  determine t h e  gene ra l  r a d i o a c t i v e  conten t  

of t h e  m a t e r i a l s  which make up these  two types of su r faces .  

The requirement f o r  8 10 s i t e s  i s  based on t h e  

cons ide ra t ion  t h a t ,  i n  order  t o  g e t  a f a i r l y  good idea  of t h e  

nature and d i s t r i b u t i o n  of chemical elements,  phys i ca l  proper- 

t i es ,  rock types,  rock sequence, and rock ages,  i t  i s  necessary 

t o  sample a t  l e a s t  fou r  t o  f i v e  s i t e s  w i t h i n  both the  l i g h t  and 

dark a r e a s .  This does not mean t o  imply t h a t  t h e  rock u n i t s  

on the  Mar t ian  su r face  can be mapped from samples a lone  from 

t h i s  number of s i t e s .  

and c a r e f u l l y  s e l e c t e d  s i tes ,  i t  should be poss ib l e  t o  ge t  a 

f i r s t  approximation of t h e  d i s t r i b u t i o n  of the  major types of 

rock u n i t s  which make up these  a reas .  

However, w i t h  adequate o r b i t a l  coverage 

The 20-30 s i t e  requirements a r e  imposed when planet-wide 

a t t r i b u t e s  a r e  being inves t iga t ed  and where i t  i s  necessary t o  
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characterize the planet from the sample measurements. The bio- 

logical attributes are good examples. 

4.5 Site Selection Accuracy 

The accuracy to which the sampling sites should be l o -  

cated for investigating specific attributes are based on local- 

ized surface conditions and distribution of  the phenomenon 

under investigation. We have designated two accuracy require- 

ments: + 2 kilometers, and + 100 meters. - - 
The - + 2 kilometers indicates that the attribute is prob- 

2 h l y  =lot l o c a l i z e d  zlr associaied wich a particular type of sur- 

face feature or material. For example, the presence of living 

matter, if it exists, is probably widespread and not concentra- 

ted at any particular location on the Martian surface. 

however, be almost absent or very sparse within certain areas 

much as it is on Earth. 

It may, 

The + 100 meter accuracy indicates that the attribute 
is localized in nature or requires localized investigation in 

order to adequately provide sufficient data to permit an inter- 

pretation. Examples are structural features and hydrocarbons. 

Structural features require localized investigation in order 

to delineate their structural properties while the investigation 

of hydrocarbons requires a localized in~restigation sirce they 

are usually concentrated at features which are indicative of 

their accumulation. 

- 
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4.6 Area Type 

As previously indicated, in dealing with sitE require- 

ments for the exploration of Mars, we must also, at the same 

point in time, take into consideration the three basically 

different types of Martian surfaces, i.e., the polar, light, 

and dark areas. 

seen through the telescope. 

graphic mission detected no differences between the 

light and dark areas of Mars, it is difficult to conclude 

whether the differences are produced as a result of physical, 

chemical, or biological phenomenon. 

do not know the nature of the differences between the light 

and dark areas, we must treat them as if they were two completeLy 

different types of surfaces for the purpose of this study. 

The requirement to select sites within these areas for sampling 

is shown in column 8. 

by  the following: 

These are the types of Martian surfaces as 

Since the Mariner IV photo- 

t 

Since, at this time, we 

The area type requiyemznt is indicated 

for polar, "L" for light, and I'D" for 

dark 

4.7 Seasonal Considerations 

Column 9 indicates whether there are any seasonal re- 

quirements which might be of benefit during the investigation 

of a particular attribuze. A s  can readily be seen, there are 

only a few attributes which have seasonal requirements. This 

is as expected since most of the attributes change on a time 

scale much larger than a season. 

somewhat with the seasons are directly related to meteorological 

I 
Those attributes which vary 8 

I I T  R E S E A R C H  I N S T I T U T E  

79 



changes, such as fluids, winds, and solar i1,umination. For 

example, the wind activity at a particular location on the 

Martian surface may have an almost negligible effect on changing 

surface conditions during a particular season, but substantial 

effect during another season. The same situation holds true 

for fluid activity. 

The seasonal requirements are indicated by a "no" if 

there is none and by a "yes" if there is a requirement. If 

there is a seasonal requirement, the "yes" is further modified 

by the particular season, if there is a requirement to sample 

during all seasons (i.e., spring, summer, fall, or winter) an 

''all'' is included. 

4.8  Value of Sampling/Sample 

Columns 10 and 11 give the estimated values of sampling; 

as a technique and of single samples to each attribute, respec- 

tively. The value of sampling (i.e., samples takezi at numerous 

sites) as an exploration technique in the exploration of Mars 

ranges from high to low since only those attributes for which 

sampling is applicable are included in Table 8. The method 

used in determining the value of sampling has been subjective 

but took three things into consideration. These are: 

(1) whether sampling is the only applicablz technique, 

(2) whether sampling is the best technique to investigate a 

specific attribute, and ( 3 )  the effectiveness of other techniques 

which can be used to investigate a particular attribute. It 

- 
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should be poin ted  ou t  t h a t  i t  i s  only  sampli.ig and no t  t h e  

o t h e r  techniques which a r e  being eva lua ted .  

s i n g l e  

have a 

s i n g l e  

In  c o n t r a s t  t o  t he  value of sampling, t he  va lue  of 

samples ( i . e . ,  po in t  samples taken a t  one s u r f a c e  s i t e )  

value range from low t o  ho valu-e. In  the  case  of a 

sample, t h e  no va lue  i s  shown s i n c e  sampling may be of  

- - 
- 

value  t o  an a t t r i b u t e  while  a t  t h e  same t i m e  a s i n g l e  sample 

i s  of e s s e n t i a l l y  no va lue .  In de r iv ing  t h e  value of s i n g l e  

samples  t o  t h e  var ious  a t t r i b u t e s ,  t h e  minimum number of s i tes  

requi red  and t h e  p r o b a b i l i t y  of ob ta in ing  da ta  on a p a r t i c u l a r  

a t t r i b u t e  from one sample were a l so  considered.  

It may no t  be obvious why t h e  va lue  of m u l t i p l e  samples 

f o r  some a t t r i b u t e s  can be high, while t h e  va lue  of a s i n g l e  

s a m p l e  c m  be l o w  o r  even o f  no v a l u e ,  A couple of examples 

may s e r v e  t o  c l a r i f y  t h i s  t o  some e x t e n t .  The f i r s t  example is  

t h e  case  of detec2ing Eoss i l s  under the  o t j e c t i v e  "Evidezice of 

E x t i n c t  Life." 

which i s  of  va lue  and i t  can provide a l a r g e  measure of t h e  

requi red  h t a ;  t h z r e f o r e ,  sampling i s  o f  high va lue  t o  t h i s  

a t t r i b u t e .  A t  t h e  same time, however, t he  l i ke l ihood  of a 

s i n g l e  sample conta in ing  f o s s i l s  and providing information must 

from Ear th  experience be  considered very remote. 

example is  f o r  determining t h e  superpos i t ion  of rock u n i t s .  

The supe rpos i t i on  of  rock u n i t s  is  found under the  o b j e c t i v e  

1 1  S t r a t i g r a p h i c  Sequence o f  Rocks." 

h igh  va lue  i n  determining t h e  rock sequence of a p l a n e t ,  but  

- _E 

Here sampling is  e s s e n t i a l l y  t h e  only technique 

The second 

Here aga in  sampling is  of  
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a t  t h e  same time a s i n g l e  s a m p l e  i s  of no va lue  s i n c e  t h e r e  

a r e  no o t h e r  samples a v a i l a b l e  from o t h e r  l o c a t i m s  t o  p e r n i t  

e x t r a p o l a t i o n  of  d a t a .  

determine t h e  supe rpos i t i on  of rock u n i t s .  

a t i o n s  such a s  these ,  t h e  values assigned f o r  a s i n g l e  sample 

t o  t h e  a t t r i b u t e s  were founded on the  premise t h a t  a l l  samples 

w i l l  be obtained from s u r f a c e  s i t e s  most a p p r o p r i a t e  t o  t h e  

a t t r i b u t e s  under i n v e s t i g a t i o n .  

- 

One sample j u s t  i s  not  s u f f i c i e n t  t o  

Based on cons ider -  
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5. VALUE SUMMARY OF SAMPLING AND OF A SINGLE SAMPLE 
TO TOTAL EXPLORATION 

This section summarizes the value of sampling and the 

n 

value of a single sample to investigating all the listed attri- 

butes and are presented in Table 9. 

The value of sampling to individual attributes is 

shown in the first column to the right of the attributes while 

the value of samples at a single site are shown in the last 

column. There are five possible value ratings for sampling and 

a sample in terms of its applicability to the listed attributes 

if we include the no value rating. They are: high, medium, low, 

very low, and no value. 

ings which have been found to apply to a single sample, they 

are low, very low, and no value. 

In actuality there are only three rat- 

Since no attempt has been made to rank-order the 

objectives or attributes in terms of their importance to 

Martian exploration, we will assume, that all the objectives 

and attributes are equally important for the purposes of 

determining the value of sampling in the context of this report. 

We recognize that, in fact, this is not the true situation. 

The evaluation of sampling is directed at total 

Mars exploration in contrast to just sample-applicable 

objectives and attributes as was the case in Section 4 .  

According to Table 9 there are 49 attributes for which 

sampling has high value, 24 which have medium value, 

nince which have low value, and 28 for which 
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Table 9 

Objec t ives  A t t r i b u t e s  

Evidence of  Foss i l s  
e x t i n c t  1 i f  e Hydrocarbons 

2 Presence of Biochemistry 
d l i v i n g  matter Metabolism 
w Reproduction 

a k Growth 
0 Morpho logy 

2 P r e b i o t i c  Complex organic  chemistry 

Molecular f o s s i l s  
a 

Movement 0 

0 

material  

Phys ica l  proper-  Figure o f  p l a n e t  
t i e s  o f  t he  D i f f e r e n t i a t i o n  
p l a n e t  i Dessity d i s t r i b u t i o n  

Mass d i s t r i b u t i o n  
Topography 
L i b r a t  ions 

Geophysical Magnetic f i e l d  
p r o p e r t i e s  of  Gravi ty  f i e l d  
t h e  p l a n e t  S e i s m i c  waves 

Thermal regime 

Rig id i ty  
E l a s t i c i t y  

.TI 5 Atmospheric Wind p r o f i l e  
4 u p r o p e r t i e s  of Synoptic meteorology 
u t h e  p l ane t  Temperature p r o f i l e  

Energy balance L3 Density p r o f i l e  
Pressure  p r o f i l e  

l-l Dust p a r t i c l e s  
.r( u H u m i d i t y  

c S t r u c t u r a l  Folds 
pc p r o p e r t i e s  of Fau l t s  

m 

V 

a 

m 

land forms In t rus ions  
Extrusions 
Beds 
Unconf ormi t ies 
Frac tures  

r 

VALUE SUMMARY OF MULTIPLE SAMPLES 
VS . SINGLE SAMPLE TO TOTAL EXPLORATION 

Mul t ip le  Sample vs .  
S ing le  Sample 

Value of Value of 
Sampling S ing le  Sample 

High V e r y  low 
High No va lue  

Very low High 

High Very low 
Medium No va lue  
Medium No va lue  
M e  d ium No va lue  
High Very low 
High Very l o w  

High Very low 

No va lue  No va lue  
LC?W V e r y  low 
No va lue  No va lue  
No va lue  No va lue  
No va lue  No va lue  
No va lue  No va lue  

Low Very l o w  
N o  va lue  No va lue  
No va lue  No va lue  
No va lue  No va lue  

No va lue  No va lue  

No va lue  No va lue  
No va lue  No va lue  
No va lue  No va lue  
N o  va lue  No va lue  
No va lue  No va lue  
No va lue  No va lue  
No va lue  No va lue  
No va lue  No va lue  

Medium No va lue  
Medium No va lue  
High No va lue  
High Very l o w  
Medium No va lue  
Low No va lue  
Medium No va lue  

L 

nTr, ---1 FQ value L Y W  v a ~ u e  
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Table g (Cont 'd) 

Objec t ives  A t t r i b u t e s  

Phys ica l  
p r o p e r t i e s  of 
s u r f  a c e  
materials 

S t r u c t u r a l  
p r o p e r t i e s  of  
materials 

Geophysical 
p r o p e r t i e s  of 
m a t e r i a l s  

Consolidation 
Grain s i z e s  
P o r o s i t y  
Permeab il it y 
Density 
Hardne s s 
Thickness 

~ - 

F o l i a t i o n s  
Lineat ions 
Clevage p l a ins  
J o i n t s  
Tec t o n i t e s  
Vesicles  
Dragf o lds  
Beds 

Thermal conduct iv i ty  
Elas  t i c i t y  
E l e c t r  l c a l  conduc t i v i t y  
Magnetic permeabi l i ty  

1 Magnetic s u s c e p t i b i l i t y  
Albedo r e f l e c t a n c e  
E m i s  s i v i  t y 

~ Acoustic ve loc i ty  

Abio logica l  Carbon, hydrogen, oxygen 
a c  t i v i  t y r e a c t .  

Seismic a c t i v i t y  Quakes 
Meteo r i t i c  impacts 
Volcanic explosions 
Microseisms 

-. ~~ 

Eros iona l  , 
d e p o s i t i o n a l  
and t r a n s p o r t a -  
t i o n a l  processes  

- - 

Wind 
Temperature f l u c t u a t i o n s  
Slump ing 
S o i l  creep 
Wedging 
Fluid 
Vo 1 can i s m  
Me teo r i t i c  
Chemical Reactions 
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Mul t ip le  Sample vs .  
S i n g l e  Sample 

Value o f  Value of  
Sampling S ing le  Samples 

High 
High 
High 
High 
High 
High 
Medium 

~~ - 

High 
High 
High 
Medium 
Medium 
High 
High 
Med ium 

L o w  
Low 
Very low 
Very low 
Very l o w  
Very l o w  
No va lue  

Very low 
Very l o w  
Very low 
N o  va lue  
No value 
Very l o w  
V e r y  l o w  
No va lue  

High 
Medium 
Medium 
High 
High 
Low 
Low 
Low 

Very  low 
Very  l o w  
Very low 
Very  l o w  
Very low 
Very l o w  
Very l o w  
Very low 

Very l o w  I High 

NO value 1 N O  va lue  
Low 
Low 
No va lue  

Very l o w  I 
Very l o w  
No va lue  I 

~ 

Medium 
No va lue  
Medium 
No value 
No va lue  
Medium 
High 
High 
High 

~ - ~ ~- 

Very low 
N o  va lue  
Very l o w  
No va lue  
N o  va lue  
Very low 
Very  low 
V e r y  l o w  
Very l o w  



Table 9 (Cont'd) 

Objectives Attributes 

Processes respon- Igneous materials 
sible for forming Folds 

m 0 and modifying Faults 
a- land forms Subsidence 

P I C  L4u Winds 
a,u 
?- 

.rl Nuclear Cosmic ray flux 
u processes Radiation level 
4 Rock radioactivity 

m 
a, 

Meteor it i c  materials u a  
0- 

0 Fluids 

Chemical compo- E lemental compos it ion 
sition of  Mineralogical composit. 
materials Is0 topic compos it ion 

Chemical compo- Molecular identification 
sition of the Molecular distribution 

Multiple Sample vs. 
Single Sample 

Value of  Value of 
Samp 1 ing Single Sample 

High Low 
Medium No value 
Medium No value 
L o w  No value 
High Very low 
Medium Very low 
Medium Very l o w  

No value No value 
No value No value 
Medium Very low 

High Very l o w  
High Very l o w  
High Very l o w  

No value No value 
I No value No value 

atmosphere I I 
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u 
-4 
u 
rl 
v) 
0 a 
5 
4 

C) 

6 

E 

u .  

a 1 
1 
1 
1 

a, 

w 

Composition of Liquid constituents High Low 

Macromolecular Organic/protorganic High Very low 
distribution 

Cosmic or other Mineralogical identifi- Medium Very l o w  
extra Martian 
materials 

Surficial water Adsorbed water High Very low 
dis t r ibut ion Free water High Very l o w  

Ice High Very low 
P e m a  fro s t High Very l o w  
Hydrated water High Very low 
Absorbed water High Very low 

Age of Martian Radioactivity High Very low 
materia 1 s Relationship of  rock 

units High No value 

mo 1 ecu 1 e s 

cat ion 



Table 9 (Cont 'd) 

W 5 Rela t ionsh ip  of  Bedding 

A t t i t u d e  o f  s t r a t a  0 f e a t u r e s  
h Morpho 1 o g y 
k - Rock types 

s t r u c t u r a l  S t r a t i g r a p h i c  con tac t s  
4-r 

High 
* 

Rock magnetic f i e l d s  I .I: I Remnant 
3: magnetism 

I 
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8 
I 
8 
1 
11 

8 
1 

sampling has no value. 

a l l  a t t r i b u t e s  t h e  average value of sampling f o r  t o t a l  

Martian e x p l o r a t i o n  i s  somewhat lower than  i s  i n d i c a t e d  i n  

We can see from t h i s  t h a t  by inc lud ing  

Sec t ion  4 where only  t h e  sample-applicable a t t r i b u t e s  were 

t r e a t e d .  This  i s  due pr imar i ly  t o  t h e  fact  t h a t  t h e r e  are 

28 a t t r i b u t e s  f o r  which sampling i s  no t  a p p l i c a b l e  and which 

have no t  been taken i n t o  cons ide ra t ion  i n  Sec t ion  4 .  The 

v a l u e s  f o r  sampling do no t ,  a s  p rev ious ly  ind ica t ed ,  take 

i t i t o  account  t h e  b e s t  poss ib l e  mixing of  a l l  i n v e s t i g a t i n g  

techniques  which could conceivably be used f o r  t h e  explora-  

t i o n  of Mars. Therefore ,  t h e  va lue  of sampling t o  those  

a t t r i bu te s  f o r  which o t h e r  techniques are a l s o  a p p l i c a b l e  

may be  somewhat lower than i s  i n d i c a t e d  he re in .  W e  have 

also assumed t h a t  a l l  samples w i l l  be taken a t  l o c a t i o n s  most 

f avorab le  t o  t h e  i n d i v i d u a l  a t t r i b u t e s  i n  our  e v a l u a t i o n  of 

t he  worth of sampling. 

The value of a s i n g l e  sample as compared t o  t h a t  

of sampling, i s  of  ve ry  low value t o  t h e  e x p l o r a t i o n  of  Mars. 

I n  fact ,  according t o  our  a n a l y s i s  i n d i c a t e d  i n  Table 9,  i t  

would appear  t h a t  a s i n g l e  sample i s  of  ve ry  low t o  almost 

no value. There are  58 a t t r i b u t e s  f o r  which a s i n g l e  

sample could provide some information,  and 52 f o r  which 

a s i n g l e  sample w i l l  provide e s s e n t i a l l y  nothing.  

Therefore ,  cons ide r ing  t h e  f a c t  t h a t  on ly  58 of t h e  110 

a t t r ibu tes  have ve ry  low va lue  and none have a 

value h igher  than  low, w e  can conclude t h a t  even i f  t h e  
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sample w a s  ob ta ined  a t  a loca t ion  where a l l  o f  t h e  a t t r i b u t e s  

were p r e s e n t ,  t h e  b e s t  poss ib l e  va lue  f o r  a s i n g l e  sample 

would be of very  low value.  

i t  i s  impossible  t o  f i n d  a l l  o f  t h e  a t t r i b u t e s  a t  one 

s i t e  t h e  a c t u a l  va lue  would be even lower than  i s  ind ica t ed .  

However, s i n c e  w e  know t h a t  
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6 .  CONCLUSIONS 

The major conclusions of this study are: 

(1) Sampling is ,  in general, a valuable investigation 
technique for obtaining information on Mars. 

The disciplines most dependent on sampling for 
investigating Mars are geology and biology. 

Samples at a single point site on Mars apply to 
the majority of objectives but only to a very 
limited extent in each case. 

Samples at a single site will do more to indicate 
further sample requirements than to characterize 
the properties of Mars itself. 

(2)  

( 3 )  

( 4 )  

The present study should be regarded as a first step 

in the evaluation of investigation techniques in the explora- 

tion of Mars. The listed objectives should be reviewed to en- 

sure their completeness for  total exploration. The applicability 

o f  all investigation techniques, should be revised with particu- 

1-ar emphasis on the interrelationships between them. The sam- 

pling constraints included in Section 4 have been restricted 

to planetological constraints. As important, if not more s o ,  

are the constraints which will be imposed by the objectives on 

sampling missions and on the treatment of the samples during 

acquisition, storage, and analysis. Appendix 2 has been 

attached to this report since it represents the type of detailtd 

considerations which probably should be included in any furthr I: 

studies. Appendix 2 also d i s c u s s e s  the mass and volume re- 

quirements for  a Martian sample as related to disciplines 

and sub-disciplines. 
I I T  R E S E A R C H  I N S T I T U T E  

90 



REFERENCES 

B i l l i n g s ,  M. , S t r u c t u r a l  Geology, second e d i t i o n ,  
Prent ice-Hal l  I n c .  , 1954. 

Binder,  A .  B.  and Cruikshank, D .  P . ,  "Comparison of 
t h e  I n f r a r e d  Spectrum of Mars wi th  Spec t r a  of 
S e l e c t e d  Terrestr ia l  Rocks and Minerals ,  Comm. 
Lunar P lane ta ry  Lab., 2, 193-196, 1964. 

Binder,  A. B. and Cruikshank, D .  P . ,  "L i tho log ica l  
and Minera logica l  I n v e s t i g a t i o n  of t h e  Surface  of 
Mars," I c a r u s ,  5, 521-525, 1966. 

Do l l fus ,  A . ,  "Polar iza t ion  S t u d i e s  of P l a n e t s ,  

h u r s t  e d s . ) ,  U .  of Chicago P r e s s ,  1961. 
' P l a n e t s  and S a t e l l i t e s  (G.  P. Kuiper and B. M. Middle- 

D r a p e r ,  A.  L . ,  Adamcik, J. A. ,  and Gibson, E .  K . ,  
Comparison of t h e  Spectra  of Mars and a Goeth i te -  
H e m a t i t e  Mixture i n  t h e  1 t o  2 Micron Region, I c a r u s ,  
- 3, 6 3 - 6 6 ,  1964. 

Koval, I. K and Morozkenko, A.  V . ,  "Several  P r o p e r t i e s  
of t h e  Yellow Haze Observed i n  Mars During 1956," Sov. 
Astron.  -A. J .  (Engl ish T r a n s l a t i o n )  , 6, 45-50 (1962). 

Kuiper,  G .  P . ,  "On t h e  Martian Surface  F e a t u r e s , "  Publ.  
Astron.  SOC. P a c i f i c ,  67, 271-282, 1955. 

McLaughlin, 13. D.  , " I n t e r p r e t a t i o n  of Some Martian 
Fea tu res ,  ' I  Publ.  Astron. SOC. P a c i f i c ,  66, 161-170, 
1954. 

- 

- 

Niehoff,  J .  C .  , "Preliminary Payload Analysis  of Auto- 
mated Mars Sample Return Missions," I I T R I  Report M - i 3 ,  
1967. 

Rea, D. G . ,  "Evidence of L i f e  on Marz, Natlire, 200 -3 

114-116, 1963. 

Rea, D .  G . ,  "Some Comments on t h e  Composition of t h e  
Mart ian Sur face , "  I c a r u s ,  4, 108-109, 1965. 

Rea, D .  G .  and O'Leary, B. J . ,  "Vis ib le  P o l a r i z a t i o n  
Data on Mars," Nature,  206, 1138-1140, 1965. 

- 

- 

I I T  R E S E A R C H  I N S T I T U T E  

9 1  



REFERENCES (Cont ' d) 

Sagan, C., Phaneuf, J. P., and Ihnat, M., Total Reflec- 
tion Spectrophotometry and Thermogravimetric Analysis 
of Simulated Martian Surface Materials, Icarus, 2, 
4 3 - 6 1 ,  1 9 6 5 .  

Salisbury, J. W., "The Light and Dark Areas of Mars," 
Icarus, - 5 ,  291 -298 ,  1 9 6 6 .  

Sharonov, V. V. , "A Lithological Interpretation of the 
Photometric and Colorimetric Studies of Mars," Sov. 
Astronomy-A.J. , - 5 ,  No. 5 ,  September-October, 1 9 6 1 .  

Sinton, W., "Spectroscopic Evidence of Vegetation on 
Mars," Publ. Astron. SOC. Pacific, 7 0 ,  5 0 ,  1 9 5 8 .  

Sinton, W. and Strong, J. , "Radiometric Observation of 
Mars," Astrophys. J., 131, 4 5 9 - 4 6 9 ,  1 9 6 0 .  

Slipher, E. C., "A Photometric History of Mars," Lowell 
Observatory, 1 9 6 2 .  

- 

Space Research-Directions for the Future, Report of a 
study by the Space Science Board, Woods Hole, Mass., 
1 9 6 5 .  

Urey, H. C., "On the Escape of Water from Mars," Publ. 
Astron. Society Pacific, - 68,  220 -222 ,  1 9 5 6 .  

Van Tassel, k. A . ,  and Salisbury, J. W., "The Composi- 
tion of the Martian Surface," Icarus, - 3 ,  264 -267 ,  1 9 6 4 .  

Wells, R. A. , "Evidence that the Dark Areas on Mars 
are Elevated Mountain Ranges," Nature, - 2 0 7 ,  7 3 5 - 7 3 6 ,  
1 9 6 5 .  

I l T  R E S E A R C H  I N S T I T U T E  

92 



8 
I 
1 
I 
t 
8 
It 
8 
8 
I 
t 
1 
8 
8 
8 
t 
8 
8 

BIBLIOGRAPHY 

C l i f f o r d ,  F A. , Jr.  , "The Mart ian Canals According t o  
a Pure ly  Aeolian Hypothesis," Weather Bureau Research 
S t a t i o n ,  Oak Ridge, Tennessee, I c a r u s ,  3, 130-135, 
1964. 

- 

Dol l fus ,  A .  and Geake, J. E . ,  "Al te ra t ion  des Proper- 
ietes Polar imeter iques de S o l  Lunair p e r  Fact ion des 
Proton So la re s , "  Compt. Rend. , 260, 4921-4923, 1965. 

Havis,  W.  A . ,  " In f r a red  Reflectance of I ron  Oxide 
Minerals , I ca rus  , 4, 425-430, 1965. 

Rzhiga, 0. N . ,  "Evaluation of  t h e  Physical  P rope r t i e s  
of t h e  Martian Surface Based on Radioastronomical and 
I n f r a r e d  Observations," Academy 'of Sciences,  USSR, 
MOSCOW, Astronomichesky Zhurnal, 44, No. 1, 147-153, 
1967. 

- 

- 

- 

Sa l i sbu ry ,  J .  W .  and Van Tasse l ,  R. A . ,  Reply  t o  
Comments of D .  G.  R e a  on t h e  Composition of t h e  Martian 
Surface,  I ca rus ,  - 4,  109-110, 1965. 

Tombaugh, C .  W. , "Provis ional  Topographic Map of Mars, 
Mariner 4 Region," R e p t .  TN-701-66-8, New Mexico Uni- 
v e r s i t y  Observatory,  1965. 

Wise, D .  A .  and Sal isbury,  J.  W . ,  "Geology of P lane ta ry  
Surfaces ,"  Space Research Direc t ions  f o r  t h e  Future ,  
P a r t  One, Space Science Board, 1965. 

I l T  R E S E A R C H  I N S T I T U T E  

93 



Appendix 1 

SCIENTIFIC QUESTIONS I N  THE EXPLORATION OF MARS 

I I T  R E S E A R C H  I N S T I T U T E  

94 



PRECEDING PAGE BLANK NOT FILMED. 

Appendix 1 

S C I E N T I F I C  Q U E S T I O N S  I N  THE E X P L O R A T I O N  9 F  MARS* 

The major s c i e n t i f i c  ques t ions  t o  be asked i n  t h e  ex- 

p l o r a t i o n  of Mars can be  grouped under s i x  main headings: 

Exobiology 

Is t h e r e  o r  has  t h e r e  eve r  been l i f e  of any kind of 

Mars? What i s  t h e  chemistry of t h i s  l i f e ?  How i s  i t  adapted 

t o  an environment q u i t e  d i f f e r e n t  from t h a t  on Ear th?  What i s  

t h e  p a s t  environment from which i t  evolved and what i s  t h e  evo- 

l u t i o n a r y  sequence of l i f e  forms? On t h e  o t h e r  hand, t h e r e  may 

be no l i f e  a t  a l l ,  e i t h e r  ex tan t  o r  e x t i n c t ,  i n  which case  t h e  

problem i s  t o  search  f o r  proto-organic  m a t e r i a l s .  The 

b i o l o g i c a l  a s p e c t s  of t h e  exp lo ra t ion  of  Mars a l r eady  have been 

d iscussed  i n  some d e t a i l  i n  t h e  r e p o r t  of  a Space Science Board 

group under t h e  t i t l e  "Biology and Explora t ion  of Mars" Ipub- 

l i s h e d  by NAS-NRC,  A p r i l  1965, 19 pp . )  t o  which r e fe rence  

should be made. 

D i f f e r e n t i a t i o n  

Is Mars d i f f e r e n t i a t e d  i n t o  a co re ,  mantle,  and c r u s t  

and a r e  t h e r e  a r e a l  a s  w e l l  a s  v e r t i c a l  d i f f e r e n c e s ?  I f  

;%pace Research Direc t ions  f o r  t h e  Future ,  Report  of a s t u d y  
by t h e  Space Science Board,  Woods Hole, Massachusetts,  1965.  
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differentiated, then is the process still functioning or is 

this a feature accomplished during the original accretion of 

the planet or by subsequent radioactive heating and chemical 

processes? The prime requirements are refinements in deter- 

mination of mass, shape, and movements of inertia, coupled 

with natural or active seismic exploration and heat flow 

measurements. 

Ac t ivi t y 

Is Mars now, or has it ever been, an active planet 

from a seismic, volcanic, and tectonic point of view? The 

answer will necessitate search for present and past tectonic 

patterns; investigation of types and classes of folding, 

faulting, mountains , and craters ; determination of seismic 
activity, heat flow, magnetic field, and many other standard 

geophysical parameters. The combination of these data with 

similar data about the Earth will provide a powerful couple 

for understanding the internal driving forces of both planets. 

- 

Compos it ion 

What is the physical, chemical, and mineralogical com- 

position of Mars? Did Mars come from the same chemical cruci- 

ble as did the Earth, and what physical and chemical processes 

have operated to modify its original conscitution? The answers 

will require analysis of volcanic rocks, atmosphere, sediments, 

any volcanic gases, and determination of some of the isotopic 

ratios. Of considerable importance is the role of water, 
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possibly in fossil oceans, in these processes as compared with 

its major role in development o f  Earth's geochemical character. 

History 

What has been the history of Mars? The time scale and 

sequence of major events on the planet must come from the rock 

record of  those events. This means crude reconnaissance geo- 

logical mapping by a variety of remote image devices to work out 

the sequence of superposition o f  the various strata and their 

relationship to major events in the planet's history. Coupled 

with this must be an understanding of the interactions of the 

dominant surficial processes of erosion, transport, and deposi- 

tion. This time sequence must eventually be keyed into absolute 

ages, first by estimation of rate processes and eventually by 

radioactive age dating of some samples. 

Atmospheric Dynamics 

What is thz chaiacter 02 the general circulation of the 

Martian atmosphere! Is it in the symmetric or the wave regime, 

and does the regime change with season? If in the wave regime, 

what is the characteristic wave - numbsr, amplitude, phase 
speed, and internal structure o f  the waves? What is the rela- 

tion of this large-scale circulation to the thermal structure 

and to the cloud forms hnd v i a l e t  layer on Mars? Wnat non- 

hydrostatic or mesoscale circulations are present in the Martian 

atmosphere? What is the character of the surface boundary layer? 

How do the boundary layer motions, the mesoscale motions, and 

the general circulation interact to raise dust particles from 
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t h e  s u r f a c e  and t o  t r a n s p o r t  the suspended d u s t  and wind-blown 

sand? How do t h e s e  var ious  sca l e s  of motion a f f e c t  ;he t r a n s -  

p o r t  of water vapor wi th in  the  atmosphere, e s p e c i a l l y  t h e  cross8- 

e q u a t o r i a l  t r a n s p o r t ,  wi th  the corresponding geographical  and 

seasonal  v a r i a t i o n  of t h e  f l u x  o f  water vapor ac ross  t h e  a i r -  

ground i n t e r f a c e ?  The answers t o  these  ques t ions ,  which can 

be obta ined  from theory combined with observa t ions  from i n s t r u -  

mented o r b i t e r s  and e n t r y  probes, w i l l  i n c r e a s e  our  knowledge 

o f  t h e  dynamics of p l a n e t a r y  atmospheres and provide e s s e n t i a l  

information f o r  many a spec t s  of t h e  biology and s u r f a c e  geology 

of  Mars. 
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A p p e n d i x  2 

MASS AND VOLUMETRIC CONSIDERATIONS 
FOR A SAMPLE WTUD? 

I l T  R E S E A R C H  I N S T I T U T E  

99 



I 
I 
8 
I 
I 
8 
8 
I 
8 
0 
1 
I 
II 
8 
I 
I 
8 
I 
8 

PRECEDING PAGE BLANK NOT FILMED. 

Appendix 2 

MASS AND VOLUMETRIC CONSIDERATIONS 
FOR A SAMPLE RETURN 

A serious problem connected with sample return is 

establishing some sound rationale for establishing acceptable 

bounds on mass and volume for the collected sample. 

method of establishing a sample size is to total the minimum 

sample requirements of parties interested in Martian sample 

analysis. 

One 

Such a number can then be compared with mass and volume 

Constraints which may arise from purely technical/engineering 

constraints. 

which the engineering constrained sample package fulfills the 

requirements of the experimenters. If compromises in mass and 

volume must be affected, it may also provide a means for estab- 

lishing which groups of experimenters will suffer the most and 

which will suffer the least. 

identification of whicb di-sciplines make. the most serious mass 

and volume constraints upon the package. 

Such a comparisor c m  illuminate the degree to 

A still further utility is the 

While the bulk of our study does not constrain the 

package, but asks only that the sample package fulfill a 

scientific objective irrespective of mass and volume, we still 
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f i n d  i t  u s e f u l  t o  connect t h e  u t i l i t y  of t h e  sample (expressed 

i n  mass and volume) wi th  sca l ing  numbers u s e f u l  i n  prelimiliary 

design s t u d i e s .  

The r o s t e r  of s c i e n t i f i c  d i s c i p l i n e s  and branches pub- 

l i s h e d  by the  Nat ional  Science Foundation (and p e r i o d i c a l l y  up- 

dated)  serves a s  a source l i s t i n g  f o r  i n t e r e s t e d  p a r t i e s  t o  

t h e  AMSR. The r o s t e r  i n  quest ion,  while  poss ib ly  excluding 

some d i s c i p l i n e s ,  is thought t o  be t h e  most complete l i s t  of 

i t s  kind i n  ex i s t ence .  

every conceivable  d i s c i p l i n e ,  group, and branch t h a t  might have 

some i n t e r e s t  i n  a Mars sample r e t u r n .  Such a l i s t i n g  expressed 

i n  terms o f  t h e i r  mass and volume requirements f o r  t h e i r  l abora-  

t o r y  a n a l y s i s  m u s t  s u r e l y  g ive  some o rde r  of magnitude e s t ima te ,  

i f  n o t  an  abso lu te  upper bound, on t h e  usefu lness  of a Mars 

sample r e t u r n  with a given s p e c i f i c  mass and volume. 

W e  went through t h e  l i s t i n g  c a l l i n g  

Of t h e  two i tens,  mass and valume, we s h a l l  f i r s t  treat: 

m a s s .  When t h e  l i m i t  on mass has  been e s t a b l i s h e d ,  w e  s h a l l  

then compute upper and lower bounds on volume. L i m i t s  on volume 

a r e  taken  from recen t  es t imates  of  t h e  dens i ty  of b r i g h t  and 

dark areas on Mars a s  r e spec t ive ly  1 gm p e r  cc  and 2 . 5  gm p e r  c c .  

In  a r r i v i n g  a t  t h e  sample s i z e  requirements f o r  t h e  sub- 

d i s c i p l i n e s  l i s t e d  by  t h e  NSF, w e  a tzenpted  Eo z s t s b l i s h  an 

o rde r  of magnitude estimate of t h e  sma l l e s t  sample  which could 

be handled by t h e  groups using r e g u l a r  a n a l y s i s  techniques.  

F i r s t  it w a s  thought t h a t  spec t roscop i s t s  could work with 

samples on t h e  o rde r  of 100 micrograms, whereas people 
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i n t e r e s t e d  i n  s t r a t i g r a p h i c  composition would r e q u i r e  samples 

of  t h e  o rde r  of t e n s  of grams. We nominally assigned t g  esch 

s u b d i s c i p l i n e  10 assays  f r o m  the r e t u r n  s a m p l e ,  each weighing 

t h e  ba re  minimum mass. This number 10 i s  somewhat a r b i t r a r y  

i n  t h a t  t h i s  i s  a lower bound. However, as t h e  a n a l y s i s  

develops,  i t  w i l l  be shown below t h a t  t h i s  number i n  many cases, 

could be increased t o  100 without s i g n i f i c a n t  i nc reases  i n  t h e  

t o t a l  sample s i ze .  It must be remembered t h a t  t h e  use of 10 

random assays  from t h e  sample, say f o r  microchemical a n a l y s i s ,  

i m p l i e s  a s t a t i s t i c a l  a n a l y t i c a l  d i s t r i b u t i o n  of t h e  r e t u r n  

sample, r a t h e r  than a continuous d i s t r i b u t i o n .  It remains t h e  

func t ion  of t h e  body of t he  r epor t ,  i n  which a r e  discussed 

d e t a i l e d  s c i e n t i f i c  ob jec t ives ,  t o  determine whether t h i s  

s t a t i s t i c a l  d i s t r i b u t i o n  i s  adequate t o  t h e  t a s k .  In  summing 

t h e  requiremencs of ind iv idua l  d i s c i p l i n e s  using a s t a t i s t i c a l  

a n a l y s i s  of t h e  r e t u r n  sample, w e  a l s o  s i d e s t e p  the  ques t ion  of 

p r i o r i t y ,  which i s  i m p l i c i t  i n  t h e  assignment of a l l  o r  a l a r g e  

p o r t i o n  of t h e  r e t u r n  sample t o  a p a r t i c u l a r  d i s c i p l i n e  o r  sub- 

d i s c i p l i n e .  

We a l s o  s i d e s t e p  a more s u b t l e  problem, namely, t h a t  i n  

prepar ing  samples f o r  use by seve ra l  p a r t i e s ,  we may be a b l e  t o  

accomplish c e r t a i n  t a sks  that, f o r  i n s t a n c e ,  r e q u i r e  sect ioning,  

of t h e  s a m p l e s .  

ments which a r e  made on the  bulk sample,  such a s  r e f l e c t i v i t i e s  

o r  a c o u s t i c a l  t ransmiss ion  p r o p e r t i e s ,  bu t  which do not  a f f e c t  

t h e  sample i n t e g r i t y  f o r  purposes of f u r t h e r  a n a l y s i s .  For 

W e  a l so  do not  cons ider  t h e  over lap  of measure- 
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example, w e  may make microchemical a n a l y s i s  o r  nuc lea r  counting 

a n a l y s i s  f o r  r a d i o a c t i v i t y  l e v e l s ,  

In  t h e  accompanying Table 2-1,  w e  have l i s t e d  t h e  major 

f i e l d s  which a r e  chemistry,  physics ,  astronomy, geology, a l l  

b i o l o g i c a l  s c i ences ,  and s o m e  a spec t s  of engineer ing.  A few 

miscellaneous a r e a s  such as archeology and photogrammetry were 

a l s o  considered,  bu t  t h e s e  a f f e c t  t h e  whole sample. In  t h e  

f i r s t  column of t h e  t a b l e  is  the subspec ia l ty ,  e . g . ,  under 

Chemistry, a n a l y t i c a l .  The next column conta ins  t h e  branch of 

t he  d i s c i p l i n e ,  and f i n a l l y  the l a s t  two columns con ta in  res- 

p e c t i v e l y  the  q u a n t i t y  q ,  i n  f r a c t i o n s  of  a gram, and 

t h e  q u a n t i t y  (nominally s e t  a t  10 ) .  To be s p e c i f i c  

w e  choose t h e  example of a n a l y t i c a l  chemistry and t h e  biochemi- 

ca l  a n a l y s i s  where w e  have s e t  t h e  q u a n t i t y  a t  1 mil l igram and 

taken 10 assays. We assume tha t  a complete biochemical a n a l y s i s  

w i l l  be done on each 1 mill igrcm sample. It i s  q u i t e  c l e a r  

t h a t  we could go i o  10 o r  100 mil l igrams i n  t h i s  p a r t i c u i a r  

ca se ,  without adding a g r e a t  deal  of weight t o  t h e  sample. The 

inc rease  would be from 10 mill igrams t o  a t o t a l  of 100 o r  1000 

mi l l ig rams,  which i s  s t i l l  only a s i n g l e  gram f o r  biochemistry.  

A t  t h e  end of each subspec ia l ty  we have t o t a l e d  our lower 

estimate of m a s s  f o r  t h e  d i e c i p l i n e s  ccntrzin3d. 

namely botany and ecology, no d e t a i l e d  breakdown i s  given, bu t  

a s a m p l e  of  10 grams i s  a r b i t r a r i l y  ass igned  t o  t h a t  d i s c i p l i n e .  

In  a few cases ,  
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What has  emerged from t h i s  breakdown are  t h r e e  broadly 

based mass c a t e g o r i e s .  The mass ca t egor i e s  concern thense lves  

with 

p r o p e r t i e s  and/or bulk parameters,  and a 

r equ i r e s  l a r g e  samples because they  depend on d i s t r i b u t i o n  of 

m a t e r i a l s  f o r  a n a l y s i s .  By f a r  t h e  l a r g e s t  category i s  t h e  

f i r s t ,  namely microchemical o r  mic ros t ruc tu re  a n a l y s i s .  A some- 

what smaller group of  d i s c i p l i n e s  f a l l  i n t o  t h e  second category,  

namely microscopic samples up  t o  t h e  o rde r  of 10 grams; 

only a v e r y  few d i s c i p l i n e s ,  p r imar i ly  geo log ica l  d i s c i p l i n e s ,  

f a l l  i n t o  t h e  t h i r k  ca tegory .  

c a t i o n  f o r  va r ious  degraded modes of sample r e t u r n  which a r e  

d iscussed  elsewhere.  The connection is  t h e  fol lowing.  Those 

i t e m s  which depend on microchemical s t r u c t u r e  of microchemical 

a n a l y s i s  i n  genera l  tend t o  be independent of t h e  o r i e n t a t i o n  

and cond i t ion  of t h e  r e t u r n  sample, Froviding it  i s  n c t  pyro- 

lyzed.  Bulk p r o p e r t i e s  a r e  l i k e w i s e ,  t o  a c e r t a i n  e x t e n t ,  

independent of rough handl ing.  However, those which depend on 

geo log ica l  in ferences  about d i s t r i b u t i o n  i n  bulk samples 

t h e  o r d e r  of a kilogram) a r e  d e f i n i t e l y  degraded i f  subjected t o  

rough handling o r  h e a t  damage, This pu t s  t h e s e  samples i n  the  

same s p e c i a l  handling category a s  S i c l o g i c a l  s anp le s .  

biology i s  presumed t o  be paramount, w e  can assume t h a t  samples 

i n  a l l  ca t egor i e s  i n  t h e  i d e a l  ca se ,  w i l l  r ece ive  adequate 

handl ing.  

should po r t ions  of  t h e  mission go awry. 

mic ros t ruc tu re  of  microchemical a n a l y s i s ,  wi th  microscopic 

category which 

This  d i v i s i o n  by mass has i m p l i -  

( t o  

Since 

However, i t  i s  worthwhile t o  no te  what can be salvaged 
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The totals we have reached on the t c ,a l  mass are of 

the order of 250 grams exclusive of geology. 

additional 250 grams, bringing the total to 500 grams, o r  

slightly over one pound. This analysis has arrived, then, at 

a number which agrees with the study conducted on the AMSR 

(Niehoff 1967) mission in which one pound of sample was used 

as an approximate scaling factor. 

allowance for chemical analysis and geology, which depends on 

distribution of structure, raises the total to no more than 

1 kilogram. To a first approximation this is within the frame- 

work of the previously mentioned AMSR feasibility study. 

Geology adds an 

A somewhat more generous 

Since certainly there will be fewer groups than we have 

listed in the accompanying table, we may then take it as a 

working hypothesis that a 250 to 500 gram sample will be adequate 

to satisfy most disciplines, The problem of auxiliary samples 

to which some discussion exists eisewhere,is not addressed by 

our current discussion. There, additional single constraints 

establish the package. For instance, a biological control 

need not be more than 1 to 10 grams since it serves only as a 

source for innoculant. Likewise, control samples for chemical 

analysis need only be in the 1 to 10 gram range. 

Coarse samples are in a somewhat different class than 

those that we have discussed, where the tacit assumption 

has been made that t b e  sample was unconsolidated, or at most, 

loosely consolidated. 
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Taking the  number of  500 grams a s  s c . l e  s o r t  of  working 

hypothes is ,  w e  then can est imate  volumetr ic  c o n s t r a i n t s  as 

fol lows.  

i s t i c  of t e r r e s t r i a l  rocks),we a r r i v e  a t  a volume of 200 cc .  

This i s  a lower bound. 

f i g u r e  c h a r a c t e r i s t i c  of s i l t  o r  d ry  sand),we a r r i v e  a t  500 cc .  

This i s  an upper bound. 

o r  stones i n  an  otherwise unconsolidated sample changes t h i s  

p i c t u r e .  

lower l i m i t s .  

For t h e  2.5-gm-per-cc e s t ima te  (a  f i g u r e  eha rac t e r -  

Using t h e  f i g u r e  of 1 gm p e r  cc  (a  

O f  course the  presence of  a few rocks 

However, w e  seek here  only t o  e s t a b l i s h  upper and 
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Table 2 - 1  

PARTIAL LIST OF INTERESTED DISCIPLINES - 
I N  MARTIAN SAMPLES 

(From National  Regis te r  of t h e  MSF)- 
Related t o  Sample 

I 

Q No 
Sub- 

Major F i e l d  spec ia l i t i e s  Branch 

Chemistry 
Y 

Ana 1 y t  i c  a 1 X-ray d i f f r a c t i o n  1 mg 10 
Biochemical 1 mf3 10 
Microchemical .1 mg 10 
Mass spectroscopy .1 mg 10 
Gas a n a l y s i s  1 mg 10 
Chroma tog r a p h i c  1 mg 10 

10 
43 ing 
- Spectroscopy .1 mg 

-In A t ~ d c  s t ruc ture  i mg LW 
Radio chemistry 1 mg 10 
Nonmineral products 1 mg 10 
Reaction k i n e t i c s  1 mg 10 

per iodic  t a b l e  1 mg 10 

IEgruani c b-"- 

Variolis famili-es i n  

Solvent theory .1 mg 10 
32 ing 
-- 

Organic Agr i cu l tu ra l  chemicals 1 mg 
A 1  ka l o  i d s  
Amino a c i d s / p r o t e i n s  1 mg 

React ion-mechanisms a 1 mg 
Phosphorous compounds 1 mg 

1 mg 

Stereochemicals 1 mg 

Carbohydrates 1 mg 
Ring compounds 1 mg 
Al ipha t i c  chemicals 1 mg 
Heterocycl ics  1 mg 

20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
9 . 2  mg 
- 

Physics Acoust ics  Ul t rasonics  I g  1 
I g  I 

1 Elec t rocous  t i c s  
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Table 2 - 1  (Cont 'd) 

-- - 
Sub - 

No. - Q Major F i e l d  s p e c i a l i t i e s  Branch 

Physics  Atomic and Mass spectroscopy mJ2 10 
mo 1 ecu 1 a r Atomic s t r u c t u r e  1oopg 10 

Spectra l0Opg 10 
Atomic mass //abundance lOOp,g 10 

100 mg 5 Surface e f f e c t s  - 

Elec t ro -  Elec t ron  microscopy 
magnetism Magnetism 

Elementary Cosmic r ay  in t en -  
p a r t i c l e  s i t i e s  

Mechanic s Elas t i c i t y  
F r i c t i o n  
High p res su re  
Impact 

Nuclear Nuclear spectroscopy 
Nur, 1 e a r  rea.c t ions 
Radiation e f f e c t s  
Radiation p r o p e r t i e s  

Optics  
I R  
In te r fe rometry  

FluTds Aerosols 
Viscosi ty  
Rheoiogy 

So l id  State  Crystal lography 
Die l e c t r o n i c s  
Thermal Conduction 
Surface S t r u c t u r e  
Opt ica l  P r o p e r t i e s  
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20 g 

10 
10 
10 
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Table 2-1  (Cont'd) 

Sub- 
Branch Q No. Major F i e l d  s p e c i a l i t i e s  

3 
3 

I g  
Ig 

I g  
I g  - 

6g 

Physics  S o l i d  S t a t e  Luminescense 
Phot oe lec  t r i c  

3 
3 

Thermal Calorimetry 
Thermal P r o p e r t i e s  

1% Other Standards/Units  

Astronomy Cosmology 

Geological  Atmosphere Composition log  
Type 

Dynamics P lane tary  Atmosphere log  
Ir-Lg 

I g  - 
12g 

Radiat ion 
Turbulence/Dif. 
Thermodynamics 

log  

log 
log  

Climatology Biodimatology 
p Bioclimatology 
Paleo Bioclimatology log  - 

3og 

Spec ia l  Areas A g r i c u l t u r a l  
Polar  

Geochemistry Cosmochemistry li-1 10 
General Inorganic  lbg  10 
Geochronology 1bg 10 

S t a b i l i t y  1oocl.g 10 
Organic Geo. lookg 10 

Mineral  Syntheses/  

3.2g 

Geology l0Og 3 
Geomorphology l0Og 3 
Crystal lography 5og 
Petrography 5% 
S t  r a t  igraphy l0Og 
S t r u c t u r a l  l0Og 3 

Mineral 

3 
3 
3 

500g 
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Table 2 - 1  (Cont 'd) 

Sub- 
Major F i e l d  s p e c i a l i t i e s  Branch Q No. 

Geologica l  Paleontology p-paleontology 10 
10 
10 
10 

109 

l o g  
Type Paleobotany 1% 

l o g  
log  

Palyno togy 
General 

Geography Phys ica l  1g 5 
Biogeography 1g 5 

Hydro logy Evaporation/Trans- 
p i r a t  i on  1g 10 

Ground H20 1g 10 
S o i l  Moisture 1g 10 

f r o s t  e l g  10 
c---- rmr. 
L ) I I U W  y ILC y p r L L l l d -  

4g 

Biology Botany 

Entomology Taxonomy 

Gene t i c s  k-organi s m s  It? 10 

Immunology Anti-body format ion 1mg 
Cel l  Cul ture  1mg 
I n f e c t i o n  1mg 10 
Vaccines 1mg 10 

- p l a n t  
log  

10 
LO 

40mg 

Micro Biology A n t i b i o t i c s  
Bacter iology 

Me t a bo 1 i s m  
Cytology 
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Table 2 - 1  (Cont 'd) 

Sub- 
Major F i e l d  s p e c i a l i t i e s  Branch Q No 

Biology Microbiology 

N u t r i t i o n  

Pharmacology 

Phytapho t - 
O b z Y  

Virology 

Zoology 

Agronomy 

I l T  

Microbinal process 
Mycology 
Pa ras i to logy  
Protozoology 
Toxonomy 

Amino/pep t i d e s /  

Energy metabolism 
Enzymes 
Lipids  
Minerals ( t r a c e )  
Nu t r i en t s  (per  se) 
V i t a m  i n s  

p ro te ins  

Biochemical 
Drug metabolism 

B a c t e r i a l  
Fungal 
Hos t  r e s i s t a n c e  

Cytology 
Paras i to logy  
P r c  tozoology 

Seeds 
Micro-organisms 
P lan t  growth 

r e g u l a t o r s  

R E S E A R C H  I N S T I T U T E  
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10 
10 
10 
10 
10 
50 mg 

10 
10 
10 
10 
10 
10 
10 
70 mg 

10 
10 
20 mg 

10 
10 
10 

- 

- 

_. 

- 
30 mg 

100 mg 
10 

__I 

10 
10 
10 
300 mg 

10 
10 

10 
1 . 2 9  mg 

_.I 

- 



R 
I 
I 
1 
1 
1 
I 
I 
1 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 

Table 2 - 1  (Cont 'd) 

-I 

Sub - 
Major F i e l d  s p e c i a l i t i e s  Branch Q N o  

I n t e r d i s c i -  Biochemistry 
p 1 ina  r y 
S p e c i a l i t i e s  

Biophysics 

Phys ica l  Chemical k i n e t i c s  
chemistry Electrochemis t r y  

S a l t s  
Phase  s tudy  
P o l y m e r  
Rad i a  t ive s 
Surface chemistry 

Soil S o i l  chemistry 
S o i l  bac t e r io logy  

S o i l  mechanics 
S o i l  mineralogy 

S @ i l  gen i s  

10 
10-50 mg 
_. 

.1 mg 

10 mg 

.1 mg 10 

.1 mg 10 

.1 mg 10 

.1 mg 10 

.1 mg 10 

.1 mg 10 
5 10 mg - 

10.6  mg 

I I T  R E S E A R C H  I N S T I T U T E  

1 1 2  


